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This report analyzes one year of urban air toxics data taken at the CAMP station i n  downtown Denver, Colorado 
i n  200 I . Carbonyls, volatile organic compounds, and speciated noli-methane organic compouncls were all sampled. For 
carbonyls, twelve compounds were sampled. Fomialdehyde, acetone, and acetaldehyde were the most prevalent. The 
other nine compounds occiirred at  levels at ‘Icast one order of iiiagnittide below the top three. Average levels observed 
during weekdays werc greater than the weekend average concentrations. The top eight aldehydes trended together. All 
compounds except isovaleraldehyde showed strong correlation to formaldehyde. Isovaleraldchyde and 2,5-dimethyl- 
benzaldehyde were detected i n  fewer than 35% of thc samples. Thc other carbonyls were all detccted in  90%0 of the 
saiiiples. Only fomialdchyde antl acetaldehyde have EPA toxicity ”benchmarks”, but both these compounds were abovc 
their cancer risk benchmarks, indicating cancer risk from these compotinds.to be greater than one-in-a-millioii. 
I-oiiiialdehyde risk is about 100 times abovc the EPA-recommcnded level. Acetaldehydc risk is about I O  times the EPA- 
recommended level. Formaldehyde and acetaldchyde were bclow their EPA benchmarks for chronic health effects, 
suggesting t h a t  lion-cancer risks from thesc compounds are not ;I conccrn. The carbonyl method had good repeatability, as 
shown by duplicate and replicate samplcs analyzcd. . ’ 

. .  

i 
I 

I-ifty-eight volatile organic compounds (VOCs) wcrc aniilyzcd li-om saniplc canisters. Twenty-nine of thcse 
~ 

VOCs wci-e nevci- measurcd at detcctablc levcls. I n  contrast. iiinetcen othcr VOCs \vcre prcscnt in  Dcnvcr air, a t  
measurable Icvels, i n  over 90% of the samples. Avcrage IcvcIs observed during weekdays were grcater than the wcekend 
average concciitrations. Statistical correlations betwcen concentrations of individual compotinds were not that strong, but 
acetylcne and .propylene sho\ved the strongcst correlations to other compounds. Thirty-seven of the compounds measured 
had estimated EPA “benchmark” concentrations. 1,3-butadiene, benzenc; carbon tetracliloridc, tctracliloroetliyleiie, and p- 
diclilorobenzcne occtir at levels bclievcd to represent :I grcatcr than onc-in-a-niillioii risk ofcanccr. Thc singlc measurable 
valuc of acrylonitrile would be abovc thc EPA one-in-a million gtiicleline, if i t  occurred as ;in anntial mean. Nonc ofthe 
compounds had levcls greater than thc EPA “benchmarks“ Ibr non-cancer chronic hcalth risk. l‘hc VOC method had good 
rc pcat ab i I i t  y , iis shown by d tip I icate and rep I icate sa nip les an a I y zed. 

Seventy-eight speciated non-methane organic compounds (SNMOCs) \vcrc anal yzcd from sample canistcrs. 
Sixty-two of the compounds were present i n  Denver air, at nieasuI-able levels, i n  ovcr 90%) ofthe samplcs. Six ofthe 
compounds \\‘crc never measured a t  dctectablc levels. In  gcneial, the avcrage weekday conccntration was greater than the 
avcrage weekend conccntration, but some compounds wcrc exceptions to this rulc. I n  contrast to,the VOCsl statistical 

“benchmarks”. Seven of thesc were among the compounds that werc also nicasurcd by thc VOC method. As with the VOC 
compounds, 1,3-butadicnc and benzene occur a t  levels belicvccl to rcpresent ;I greater t h a n  one-in-a-millioii risk ofcanccr. 
All eight of these compounds were well below the EPA noli-canccr risk “bcnchniarks“. The SNMOC mcthod had good 
repcatability, as sho\vn by duplicate and replicate saniples analyzed. A sick-by-side analysis of twelve conipounds 
mcasurcd from the siinic canisters by both tlic VOC antl SNMOC laboratory mcthods sho\vcd t h a t  tlic t\vo analytical 
techniques yicld consistent results. 

’ coi-relations of individual compounds wcre strong. Only eight o r  the SNMOCs had EPA-recoiiimcndccl toxicity 

The maijority o f  tlic compounds dctcctcd in  Dcnvcr air can be rclatcd to automobilc emissions. Thc stroil> ( J  inter- ’ 

correlations bctwccn tlic carbonyl compouncls stiggcst ii conimon so~ircc. Tlic SNMOC coinpouncls \vcrc also strongly 
inter-cori’clatcd. Many of tlic coinpounds mcasufcd do not h a w  F_P~\-rccoiiiiiieiicled toxicity “bcnclimiii-ks“. Of tliosc that 
do. lormaldchytlc. acctsltleliytlc. 1 ,.i-butndicnc, benzene. cai-bun tetrnchloriclc. te~racliloroctliyleiic. and I)-diclilorobcnzL‘iic 
arc prcscnt i n  Denver air i it  Icvels tha t  may crcatc heal th  concerns. 

’.J 

S 



Introduction 

This report discusses results for ambient a i r  toxics monitoi-ing conductcd at thc downtown Denvcr CAMP station 
during the period October 2000 through September 2001. As part of the Eiivii-oiiiiiental Protection Agency‘s (EPA) Urban 
Air Toxics Monitoring Program (UATMP), twenty-four hour long samples werc collected on a once every six day basis fol-, 
over a year. Saniples were taken with eqiiipment provided by Eastem Research Group, a consulting finii contracted by 
EPA to provide support to the national network. The sampler collects two different types of saniples. A Dinitropheny- 
hyclrazine (DNPH) cartridge collects carbonyl samples by EPA Method TO- I IA. Air i s  also drawn into a stainless steel 
canister. DNPH cartridges were analyzed for twelve different carbonyls. The canisters were analyzed for j S  volatile 
organic compounds (VOCs) by EPA method TO- 15, and 7S.speciated non-methane organic compounds (SNMOCs) by 

--EEA method TO-.I.2.-T\h~elve compounds were.analyzec1 by both the VOC and SNMOC methods, so the total ntimber of 
chemical compounds assessed by all three methods i s  136. 

This report presents results according to the nionitoring mclhod employed. Thus, one chapter discusses the 
carbonyls, one preseiits VOC iiiioiniation, and the last onc summarizes thc compounds analyzcd by thc SNMOC method. 
For consistency, each chapter follows thc saiiie fomiat. The chapter begins with a presentation ofsiiniiiiary statistics for.all 
compounds analyzed by the iiiethod. I t  thcn discusses the percentage of samples i n  which each chcniical was detccted. 
Rcstilts are split out and analyzcd for weekday versus wcckentl timc periods. Some suiiimai-y graihs ol‘groups of 
compounds are prcscnted. Correlac‘ion coefficients (a  statistical incastire of how wel l  the prescnce o[some compounds i s  
associated with the prcscnce of other compountls) arc developed. The section thcn presents n bricf discussion of qtiality 
iissiirance statistics, such as blank and precision results. that are available tinder separate cover. Finally. thei-c is ii section 
elititled “Coiiipounds of Significance: Sourccs a n d  Health Effccts”. This is onc oi’the most iiiiportant portions ofthe 
report, for i t  discusscs each chemical which has an annual averagc conccntration i n  Dcnver air of one part pcr billion (I@) 
or greater, or which has air conccntrations abovc EPA levcls ofconccrn. This scction gives ;I brief summary ol’cach 
chemical’s use, its air  emission sources, i t s  potential health cffects. and concentrations in typical urban air .  Whcrc 
possiblc. levcls ;ire compared to EPA ”benchmark” health critcria. (EPA has not dc\~elopccl rcconimendcd “bcnchmark” 
lcvels for all compounds). At thc end of thc chapter i s  a reference section listing soiirccs of information regarding toxicity , 

and hcalth eil’ccts for the cheiiiical compounds that were cliscusscd in  thc health efl’ccts section. 

The report cnds with a concluding chapter that siiniiiiiirizcs restilts of t h i s  study. Compotinds niost 1.1-cqticntly 
obscrved were associated with the production, storage, or IISC of petrolcum products. Many of them are emitted li-om 
automobile tailpipes. Compounds present i n  Denvcr air at  levcls abovc EPA ”benchmark” levcls are fomialdehydc, 
acetaldchyde, I .3-butadiene, bcnzene, carbon tetrachloride, tctracliloroctliylcnc, and p-cliclilol-obcnzcnc. I t  should be noted 
that EPA has not developed “benchmark” I c \ d s  for ii niimber o f  compounds, and that the cffect of combined cxposure to 
these compounds i s  not known. On the positivc side. 30 ofthe I36 compounds were not dctcctetl in Denvcr air. Seven ’. 

others werc present less than I O  % of thc timc. 

. 

, 

I 0 



Section 2 - Carbonyls at CAMP Station 

October 2000 to September 2001 



Summary Statistics - Carbonyls 

Salllple Days 
Scheduled 

Rlinimuni, Maximum, Mean - All Samples 

Sa 111 1) les Percentage 
Recovered Recovered 

Carbonyl data collected at the do\vntown CAMP station from October 2000 through Septembcr 200 I are 
presented in this section of the Air Toxics Monitoring Report. For the year-long period, carbonyls were sampled 011 
a one-in-six day basis, for a total of 63 samples attempted. Of these, the laboratoiy successfully processed 5 8 ,  for a 
percentage data recovery rate exceeding 92%. (See Table 2.1). 

63 1 58 

Table 2.2 summarizes the annual minimtitii, iiiaxiiiiiiiii, and mean concentrations for each cai-bony1 
compoiiiid measurcd during thc study. Results show that thc most l~rc\~i lent  carbonyls in downtown Denver air are 
formaldehyde, acetone, and acetaldehyde, in  that order. The other nine carbonyl compounds measured occur at 
concentration levels at least one order of magnitude below these' top three compounds. 

--- 

92.1 

Percentage of Samples For Which Compound Was Detected 

Table 2.2 shows t h a t  most of thesc compounds \ \ w e  present in air over 90% ofthe time thc air was sampled. 
However, isovaleraldeliyde and 2,5-dimetliylbenzaldeliyde \\'ere seen less frcqtiently, with detections in only one- 
qiiartcr to one-third of the air samples taken. 





\Yeekeiicl Vs. Weekday Results 

For the year of carbonyl data, an analysis of weekday versus weekend levels was conducted. Table 2.3 
gives summary statistics for minimtim, maximum and mean of the \veekend samples \'erstis tlie same statistics for 
tlie weekday samples. Figtire 2.1 i s  a graph of these results. For almost all carbonyls, the weckday mean i s  greater 
than the weckend onc. Thc exceptions are compounds that wcre detected iiifrcqiiently. sticli as 2,5-diinethylbcnz- 
aldehyde and isovaleraldehyde. 

Graphs - Carbonyls 

I n tl i vi tl u al Compo u n cl s 

Thc most prevalent three carbonyl compounds measiircd during the sttidy are grapticd in Figure 2.2. 
Foi-nialdeliyde showed the highest Icvels, with iiiost graphed concentrations falling betwcen t h e e  and eleven parts 
per billion. Acetaldchyde was consistently prescnt at levels of oi!e to four parts per billion. Acctone Icvels 
gciierally liovercd bctwecn two and six parts pcr billion. The other nine carbonyl compounds were prcsent at levels 
below two parts 1x1- billion. Propionaldehyde, crotonaldehyde, butyr/isobutyraldcliydc~ benzaldehydc, 
valelaltlchyde, and tolualdchydes were consistcntly deiectcd at levels below 0.5 ppb. I-lcxaldehyde was also 
constantly present, but with many o f  thc spring1 summcr samplcs at levels bctweeii 0.5 and I .O ppb. This i s  tinlikc 
thc other clcven carbonyl compounds, u4iich do not show seiisoiial cll'ects: Isovnleraldcliyde and 2,5-dimethyl- 
bcnzaldehyde were dctcctcd at Icvels less than 0.5 ppb. 

Compounds As Groups 

Figtirc 2.2 shows the anntial trends for the largcst concentration carbonyl compounds: foi-maldchydc. 
acetone and acetaldehyde. Generally, concentrations of these compounds rise and f a l l  togctlicr. suggesting a 
common cmissions sotirce. In addition, Icvels remain geiierally constant tliroughotit the year, suggesting a year- 
round (iioii-seiisoiial) soiircc. Thc same i s  trtic for fivc of tlic lowcr coiiccntration carbonyl compotrnds, whilc thc 
four loivest concentration carbonyl compounds do not show any trend. 

I 



Table  2.3 - IVeekeiid Vs. Weekday Statistics for Carboiiyls i 

F O  1- 111 a Id cllydc 
:\cctaltlell\,tlc 
.'\ ce t 0 I I  e 
P~opioiialtlchydc 

s ti m in a ry s t i  tis t ics 
, WEEKEND 

( P P W  

Su m in ii ry Statistics 
W E E K D A Y 

( P P W  
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C o r r e I a t i o n Coefficients Between Compo ii n d s - Carbo n y I s 

A correlation coefficient analysis conducted Ibr the twcl\,e carbonyl compounds, across thc cntire ycar of 
data, sliows that almost all compounds are strongly correlatcd to fomialdehyde and acetaldehyde (Table 2.4). As 
these are the carbonyls with the largest concentrations i n  air, i t  is  not t h a t  suiyrising that the lower concentration 
carbonyls are correlatcd to them. Acetone shows correlation to h c  other cai'bonyls, but the relationship is not as 
strong as that for formaldehyde and acetaldehyde. Isovaleraldchydc, which was detected 25 % of tlie tiilie, is 
negatively correlated with all of the other compounds. 

IS 





Precision of Sample Results - Carbonyls 

Periodically throughout the year, a second carbonyl cartridge was sampled simultaneously with the main 
sample. These additional samples, known as duplicates, were collected in order to assess the precision 
(repeatability) o f  the carbonyl sampling method. On tlie duplicate sampling dates, the laboratory also conducted a 
test of the precision of the analytical process by iiijecting two saniples of each cartridge’s liquid extract into the 
liquid cliromatograpli/,mass spectrometer. These samples are known as the laboratory replicates. Thus, this project 
collected two types of precision data - duplicate data, which assesses both sampling and analysis procedures, and 
replicate data, which assesses laboratory analytical method repeatability. Detailed infomiation regarding precision 
and laboratory replicate results is presentcd in the appendix to this report, which is available as a separate document. 

I 

Field Blanks - Carbonyls 

For qiiality assiiraiice ptiqioses, field blanks wcre periodically takcn by attaching a blank D N P H  cartridge 
to tlie sampler briefly, and then removing i t .  The ptiipose of tlicse blanks \vas Lo assess contamination that niiglit 
cxist in  the cartridge media, or contamination that might occtir i n  sample installation or shipping. Most cartridges 
hud small aiiioiints of formaldchydc, acetaldehyde, and acetone. Thc othcr ninc compotrnds occasionally had 
detectable amounts on thc blanks. Detailed infoi-mation regarding lield blank rcsults is prcscnted in  tlie appendix to 
this report, which is available as separate document. 

20 



Compounds of Significance: Sources and Health Effects 

Of thc twelve carbonyl coinpounds sanipled, three showed anniiiil mean concentrations greater than I part 
per billion (ppb) in Denver air .  These arc: forinaldehyde. acetaldehyde, and acetone. Information regarding the 
nature, sources, and potential health effects of each of these compounds i s  given below. Levels obscrved i n  Denver 
are also compared to national EPA "benchinark" concentl-ations, which are used to cvaluate whether arcas are 
meeting national EPA goals for reducing concentrations of hazardous air pollutants. However, unlike national 
ambient air  quality standards governing pollutants such as carbon monoxide or ozone, these EPA "benchmark" 
values do not have the force of law or regulation. They are simply levels at which EPA believes these pollutants 
may begin to cause health effects on sensitive members of the population. 

Formaldehyde 

Formaldehyde is a hydrocai-bon coiiq,ound will1 the formiila HCHO. I t  exists in  the atmosphere as a 
coIorIcss gas with a piiiigcnt odor. I t  i s  used in the mantifacture of resins. particleboard, pIywood. and glues. It  i s  
also employed in  chemical manu facttiring of pliariiiacctiticals, herbicides, and scalants. Textilc finishes, sticli as 
tiscd ~ O I -  "pcrmanent press" clotlies, contain formaldehyde (Kirk-Othmer. Vol  I I ,  pages 245 - 246). 

Although i t  is  tiscd in industry, the largest sot~rcc 01' formaldehyde in outdoor air is combustion. I n  urban 
areas. combustion ofii~itoniotive l'iiel is tlic dominant soiii-cc for milch of the ycar. However, formaldehyde can also 
pliotoclicmically form i n  the air. as other hydrocarbons and oxidcs ol'nitrogcii from automobile traflic break down 
to form ozone. Coniplicating the situation is  the Lict that the coml,les.ozonc-producing atniosphcric reactions may 
both create a n d  destroy fornialdchydc. as the chains of chemical reactions procccd along various pathways. 

Tlic Agency l'or Tosic Substanccs aiid,Discasc Registry (ATSDR), lists a niimber of possible hcnltli ell'ccts 
tlia~ m;iy O C C L I ~  from inhal;ition of lormaldehydc. 1-oi-nialdehydc i s  an irritant t h a t  may cause burning i n  the eyes. 
nosc, and lungs. At 0.4 - 3 ppni, i t  may cause the eycs to tear. Foriiialdchyde i s  bclieved to bc carcinogenic 
(cancer-caiising) to hiinians. Ho\\wcr: the body con quickly break do\vn formaldehyde, so i t  does not accumulate i n  
fatty tissue. Currently, ATSDR belicvcs that fornialdchyde docs not cause birth defects in hiininns (ATSDR 
Toxicological Profile for Formaldehyclc). Thus, the main concerns with th is  compound are i ts  ti-ritant properties and 
i ts probablc ability to c:iiise cmiccr of thc nose and throat. 

ATSDR states that typical levels of formaldchydc i n  urban air are I O  - 20 ppb. The maximtim level 
observcd iii Denver cluring this study, I 5  ppb, falls right urit l i in this range. ATSDR cites conccntr:itions o f 0 2  ppb 
for rural areas, and 2-6 ppb for suburban arcos (ATSDR Toxicological Prolile for 1-ornialdehyde). The signilicancc 
ofthc Dcnver levels can be asscssed by comparing thcm to national EPA "bcnchmark" \/allies for Iormaldehydc, 

As part of i t s  n:itioiinl air toxics analysis eflort. EPA Ii;is dcvclopcd rccommcntlcd benchmarli 
conccntl.;itioiis l o r  variotis Iinzartlous air pollutants. For each Iiazai-clotis air pollutant the EPA has  trictl to dp~clop a n  
";iciitc" bcnchmark, ;IS \vel1 as "chronic" and "cancer r isk" bcncliniarks. The ;iciitc benchmark value rcprcscnts a 
value t1i;it an individual ni:iy bc csposctl to I'or 21 short pcriod of tii i ic. without risk of health cflL.cts. The pcriod 01' 
t i m e  niay \,:iry for each pollutant. but for the pyi-poses oftlic analysis here. oiic conilnres the highest t\vcnty-four 
Iiotii- dai ly  valuc o b s c r \ ~ d  over tlic ycar wit l i ' thc "xutc" bcnclimark. The "chronic" and L'c;iiiccr risk" benchmarks 
represent concentrations 10 \vl i icl i ; i n  individiial may be exposed o \ ~ r  ;I lifctinie \vithout ;I large risk of incur-ring 
health cfli.cts. For the ptiiposcs O K  the analysis Iicrc. one cornpi-cs [lie aiinii;il iiican to the "chronic" and  .'c;iiicer 
I-isk" bcnchniarks. 

The bcnchm;irks lor tlic 1i;izardous air pollutants niay be I'ouncl on tlic I'ollo\ving EPA \vcb pigc: 
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Tables 2.5 and 2.6 summarizc the EPA benchmarks available for formaldehydc. As seen from tlic table, 
101-maldehydc h a s  benchmarks for long-exposure period hcalth effccts (cancer and chi-onic), brit "acute" benchmarks 
have yet to be developed. 

Table 2.5 compares the anniial mean value of formaldehyde to the EPA '' risk factor" for devcloping 
cancer. Columns two and three ofTable 2.5 give the annual nieiin, as measured in parts per billion volume and then 
converted to micrograms per cubic meter (ug/m3). Column four of Table 2.5 gives thc cancer risk associated with 
brcarhing a concentration o r  1 ug/m3 of tlie pollutant. Column five, Cancer Risk in Ambient Air, relates the annual 
concentration of loi-maldehyde observed at the CAMP station to tlie risk of contracting cancer. 'EPA's goal is for the 
risk in coluiiiii five to be I X 10-6 or less. Thus, the value of 1.03 X 10-4 for [ohaldehyde i n  Deliver air i s  onc 
hundred and,three t imes higher than the EPA goal. 

Table 2.6 compares the anntial mcan values ofthis compound to thc EPA "Hazai-cl Index" value for thc risk 
ofchl-onic (non-cancer) health effects. Column foui-, Non-cancer Chronic: of Table 2.6 gives the valtie below which 
EPA belicvcs chronic health effects to thc pojiulation \vi11 not occiir. Column, fivc i s  a ratio of the annual  mean 
(column 3) to the Noli-cancer chronic value in coltiiiiii-four. EPA's goal i s  that this "Hazard Index" be less than I .O. 
(That  is, the ; ini i i i i i l  conccntration should be less than the Non-cancer chronic valuc for thc pollutant). For 
Iormaldehydc. tlic valuc is 0.8 I , indicating thc annual conccntration is within tlic EPA goal. 

Tlierclore, inhalation of formaldchyde i i i  Dcnvcr air i s  bclicved to be a signilicaiit risk I'actor lo r  
contracting cmicer of the nose or throat. Foi-malclehydc in Dcnver air may also bc close to levels that cause irritant 
effccts to tlic population. As concentrations mensurcd in Dcnver arc typical of largc urban areas of tlic United 
States, th is  is  a nationwidc problem. 

Coni pori nd 

~~ 

l a b l e  2.5 - Formaltleliyde . ~ \nnua l  Meai l  Versus Cancer Risk 

An nun I RI ea 11 A I1 I1 ual  R1 ea I1 Cancer Risk Cancer Risk I n  
ppbv uc/"'3 Ambient A i r  

~ 

Compound Annual Rlean Annual Rlean N on-ca ncer C h  !-on ic  
p p b v u ~ l n 1 3  11 g/l113 

Fo 1'111 altleh y tic 6.42 7.89 9.8 

I '  Fo r m a Id ell y de I/ 

Noli-cancer- Chronic 
Hazar-ti I ntle\ 

0.8 1 

6.42 7.89 0.0000 I 3  I/ ' I .03 E-04 



Aceta I tl e h y d e 

Acetaldehyde is a hydrocarbon with the formtila CH;CHO. I t  is thus closely rclated to foi-maldehycle, 
HCHO. Like fomialdehyde, i t  exists i i i  the atmosphere as a gas with 21 piingent odor. I t  is used i n  thc manufacttire 
of acetic acid, acetic anhydride, chloral, glyoxal, and other chemicals. I t  is employed in the food processing iiidustry 
as a food and fish preservative, a flavoring agent, and in gelatin libers. The tanning and paper industries use 
acetaldehyde, as do the perfiime and dye maniifacturers (CARB Acetaldehyde Fact Sheet). 

Although i t  is used i n  industiy, thc California Air Resource Board believes that the largest soiirces in 
outdoor air are combustion and production from photochemical reactions (CARB Acetaldeli'ydc Fact Sheet). 
Acetaldehyde itself can break down in these complex photochemical reaction pathways, foi-ming foiiiialdchyde. 
Wood burning and emissions from peti-oleum relineries are also sources. - .- 

The hcalth effects of acetaldehyde are ~ c r y  similar to those of its chemical relative formaldehyde. I t  
irritates the eyes and mucous nicmbranes. I t  can paralyze the respiratoiy miiscles, act as a narcotic to prevent 
coughing, and speed tip piimping of the heart. Exposure can lead to headaches and sore throat. (,Kirk Othmer. Vol I ,  
page 107). Acetaldehyde is believed to be a probable hiiman carcinogen. leading to cancer ofthc nose and throat. 
Acetaldehyde has been shown to cause birth defects i n  animals. but no hiiiiiaii research is available. (CARB 
Acetaldehydc Fact Sheet). 

The California Air Resources Board observcd :in anniial iiic;iii of I .33 ppb ncctaldehyde i i i  its stqte-\vide 
network diiriiig 1996 (CARB Acctaldehydc Fact Sheet). The iiiem observed in this Denver study. 2.4 ppb, is i i i  the 
same range. The significance of the Denver levels can bc asscsscd by c o n p r i n g  thcm to natioipl EPA "bench- 
mark" valties for acetalclehyde. 

As part of its national air toxics analysis efl'oi-t. EPA has tlevclopecl recommendeci benchmark 
coiicei;timtioiis for various hazardous air pollutants. Foi- each hazardous air pdlutant the EPA hiis tried to develop an  
"aciitc" benchmark, as wcll as "chronic" and "cancer risk" benchmarks. Thc acute benchmark value reprcsents a 
value that ;in individual may bc exposed to for a short period of time. without risk of health cflkcts. The period of 
time may vary for each pollutant, but for t l ic piiiposes ofthe analysis here, oiic coiiiparcs thc highcst t\vciity four 
hour daily value observed over the year \\,it11 the ";icutc" benchmark. The "chronic" and "c;iiiccr risk" bcnchmarks 
represent concentrations to which an  individual may be csposcd over a lifetime \vithotit a large risk of incurring 
health efl'ccts. For the piirposcs of the analysis here: one coinpares the annual mcan to thc "chronic" and "caiicer* 
risk" benchmarks. 

The benchmarks for the hazni-dous a i r  pollutants may be found on the follo\ving EPA \vcb pagc: 

Tables 2.7 and 2.S summarize t l ic EPA ,benchmarks available for acctaldchydc. This compound has . 
bcncliiiiarks l o r  long-csposurc pcriod hcalth cffccts (cancer and chi-onic). but  "ncute" bcnchmarks havc yct to bc 
dcvclopetl. 

l'ablc 2.7 compares the ;iiiiitinI i i icaii v:iIuc ol'acctalclchydc to the EI'A '' risk Iliutol." foi- tlcvcloping cai iccr 
Columns t\vo and tlircc of Table 2.7 give the ;iiiiiiial mcan ofa~ctaldchyt lc.  ;IS measured i n  Ixirts per billion voluiiic 
and then convcrtctl to iiiicrogniiis per cubic mctcr (ugiiii-3). Column I'our of Table 2.7 giws the risk l'actor 
associated \\tit11 brcathing :i coiicciitratioii of  1 ug/m3, Column live. Canccr Risk in  Ambicnt Air. I-clatcs the anntinl 
concciitratioii o b s c n d  at the CAMP station to tlic risk o f  contracting c;111ccr. I5PA's goal i s  I'or the risk in  column 
livc to be I X 10-6 or Icss. Thus. tlic value of9.62 X 10-6 for acctalclchytlc i i i  Dcnvcr air is about ten tiiiics hislici- 
than the EPA goal. 

Table 2 . S  compares the ;iiiiiti;iI iiic;iii wlucs ol'acct;ildchydc' to tlic EPA "I-laz;ird Iiitlcs" valiic for the risk 
of chronic (i ioii-cmccr) hciiltli cffccts. Coluiiin f o u r .  Noli-cancer Chronic. ol'Tablc 2.S givcs thc viiltic belo\\. wh ich  
EI'A bclicvcs chronic Iicalth cfl'ects to tlic population \vi11 not occur. Column live is ;I ratio ol'thc ailnuill i i ican 
(column 3 )  to tliu Non-caiiccr chronic \t;iluc i n  coIuii1ii four. IiI'A's goal is that t h i s  "lHaz;trd Inclcs" bc Icss th;111 'I .O. 



(That is, the anii t ial  concentration should be less than the Noli-cancer chronic value for the po1lut:mt). For 
acetaldehyde. the ha'zard index is 0.49, below the EPA goal of I :O. 

, 

Coni poir n d 

Acetaldehyde 

lherefore, inhalation of acetaldehyde in Denver air i s  believed to be a risk Factor for contracting cancer of 
thc nose or throat. Acetaldehyde in Denver air docs not appear to be at high enough levels to cause irritant effects 
to the population. Like formaldehyde, acetaldehyde in  Denver OCCLII-s at levels typical o f  other large urban areas. 
Acetaldcliyde levels are therefore a national problem related primarily to the use of Inoror vehicles. 

Annual Mean  Annual Mean  Cancer Risk Cancer Risk I n  
ppbv II g/m3 Per ug/m3 ((I/(ug/ni3)) Anibient Air 

2.13 1.38 0.0000022 . 9.6SE-06 

Table 2.7 -Acetaldehyde Annual Mean  Versus Cancer Risk 

Corn pou nd 

Acetaldehyde 

Annual Mean  Annual R'lean Non-cancer Chronic Non-cancer Chronic 

ppbv Ug/l113 ug/ni3 Hazard Index 

2.13 1.38 9 0.19 

Table 2.8 - Acetaldehyde Annual Rleaii Versus Non-Cancer Chronic Risk 

A c eto 11 e 

Acetone i s  a hydrocarbon compound with the formula CHICOCI-Ij. I t  is also kno\vn as dimethyl ketone or 2-  
propanone. Like forinaldehyde and acetaldehyde, i t  cxists in  the atmospherc a s  a colorless gas with a piingent odor. 
Its primary industrial iisc is a s  a solvent in  production ofpaiiits, adhesives, cleaners, and inks (Kirk-Othmcr. Vol I ,  

Soiii-ccs of aceton; in tlic aiiibicnt a i r  arc siiiiilur to those o f  formaldehyde and acetaldehyde. Automobilc 

pagc 189). 

eshaust, wood burning, arid petroleum rclining arc important soiirces. For acetone, solvent usagc i s  also a large 
sotirce of emissions. Unlike the other two carbonyl compounds discussed here, acctonc does not readily react in air 
and can bc transportcd for long distances (ATSDR Toxicological Prolile for Acetonc). 

The Agency for Tosic Substanccs iiiicl Disease Registry lists a number ol.possible health cITects that  may 
occur li-oiii inhalatioii ofacctone. Acctonc is an irritant t h a t  may cause burning in eyes. iiose and lungs. At vel-y 
high IcvcIs5 i t  c;iii caiisc Iieadachcs, li~litlieaclctlness. dizziness. and  conliision (ATSDR Toxicological Pi-olilc for 
Acetone). Cui-rciitly. there i s  not enough iiif.orinatioii to dclcriiiiiic whclhcr acctonc i s  carcinogenic (cancer- 
causing). Ikscarch indicates t h a t  acetoiic may catisc problems for clc\~cloping animal fctuscs. I t  is not kiio\\.ii 
\vlicthcr ;icetoiic c;iiiscs birth defects in liiiiiiiiiis. 

ATSDR citcs research suggesting that  iirban arcas of the United States may have mean conceiitrations of 
6.9 ppb (ATSDR Toxicological Protilc for Acetone). This is higher than the 3.4 ppb annual mean this study 
obscrvcti in Denver. Unfoi-tunatcly. the Eiivironiiicntal Protection Agency has not tlevclopctl "benchmark" values 
l o r  ;Icetone. Tliiis. the Iicaltli signi1ic:incc oftlicsc Ilcnvcr I c \ d s  is dil'licult to dctermiiic. Ho\\wcr. acctoiic's close 
iissoci;itioii with foriiialdchydc and acctaldchytlc. \\hich ~11-c kno\\'n t o  be a b o \ ~  E P A  "benchmark" Ic\TIs. suggests 
thnt ciiiissioii control strategies dircctcd agaiiist II ic otlicr carbonyls \\:auld also rcducc ;icctoiic conccntratioiis. 
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Section 3 - Volatile Organic Compounds at CAMP Station 

October 2000 to September 2001 
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Summary Statistics - Volatile Organic Compounds 

Sample Days 

Scheduled 

Minimum, Maximum, Mean - All Samples 

Sa ni p les Percentage ' 

Recovered Recow red 

Volatile organic compound (VOC) data collected.at the downto\vn CAMP station from October 2000 
through September 2001 are presented in  this section ofllie Air Toxics Monitoring Report. For the year-long 
period, volatile organic compounds were sampled on a one-in-six day basis, for a total of 63 samples attempted. Of 
these, tlie laboratory successfully processed 58, for a percentage data recovery rate exceeding 92%. (See Table 3. I). 

63 

Table 3.2 summarizes tlie anniial minimtim, iiiaxiiiiim, and niean concentrations for each of the 58 volatile 
organic compounds measured during the study. 'Results show that acetylene, propylene, methyl ethyl ketone, 
benzene, and toluene were tlie compounds with the highest concentrations in ambient air. These compounds all had 
sample mean levels greater than otic ppb, and were detected in  over 98% of the canister samples taken. 

58 92.1 

Table 3.1 - Percentage Data Recovery For \'OC Samples 



T a b l e  3.2 - VOC Data Summary 

A cc1 !'I e I1 e 

Prop> lenc 

I) i c Ii In r o d  i tlii o ro ti1 et 11 ii 11 e 

Cliloroinctliaiic 

I3 1.0 1110 111 et 11.1 I1 e 
Chloroet I1;Ille 

L\ c c t o 11 i t  r i Ic 
T r i c l i  lo r(i l l itoi-otiictli~i tic 

A c yI o ii  it r i le 
I,l-Dlcllloroctllel1c 

R'lctliyletic C h l o r i d e  
I vie liloro t r i l l u o r o e t  hii!ic 

I'raiis - I,2 - I)iclilorocfli) l enc  

I , 1  - I) icli loroctlialie 

Alctliyl Tcrt-Brit! I Etlicr 
Alctliyl Ethyl Ketoiic 
C' I1 loropiwie 
C i\- I ,2-D i ch  lo roe1 t i  y le l ie 

t3t-oii~n~liloi-onictl~iiiic 

CIi lo rotor in 

.- 

S 11 In ti1 a ry 

Statistics 

(1'1'15) 

I .30 15.07 3.75 
0.38 
0.06 
0.19 

0.0 I 

0.04 
0.02 0.15 0.09 - . .  

0.43 2.78 1.18 ~ . _  

0.02 0.08 0.05 

Count of' Noli-Detects 
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Samples I n  Which 

Compound Was 

)I Detected 
I I I  

Numlier 11 Percentage ]I 

‘ Table 3.2, completed. 
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Percentage of Samples For Which Compound Was Detected 

~~ ~~ 

Vi n y I C Ii lo r i d e 
Bi-o rno ni et h a ne 

I , 1 - D ich I o roeth en e 
ti-ans-l,2-DichIoi-oeth~lene 

I ,  I - Dich lo roe than e 
RI e t h y l tert- Bu t!.l Et Iicr 

Cliloroprerie 

Table 3.2 shows thc percentage of the samples i n  which each VOC \vas detected. ‘ Nincteen of the 
I compotinds were detected in over 90% of the samples. These compotinds are listed in Table 3.3. I n  contrast, 29 

VOCs were never detected at all during the study. This is one-half of the compounds that were sampled. 
Compounds never detccted are listed i n  Table 3.4. It is interesting to note that vinyl chloridc, which is considered to 
be very toxic, was not detected. Methyl tert-butyl ether (MTBE), ethyl tert-butyl cther (ETBE) and tert-amyl methyl 
ether (TAME), which are added to automotive fuels to increase oxygen, were not detected. 

Table 3.3 - Compounds Detected i n  Over 90% of the VOC Air Samples Taken at  CAMP 

R I  e th y I M et h acrylate 
cis-l,3-Dichloropro~ieiie 

Trans- I ,3-Dichloropropene 
1 , 1,2-Trichloroeth;lne 

Di broinoch loronie t Ii a ne 
I ,2-Dibr-onioetIiaiir 
c I1 lor0 benzen e 

I Ace tvlene I 

I ,2- D i c h lo 1-0 p ro 11 a 11 e 
Ethyl ..\cr\:late 

13 roinotl ich I oronietha ne 

Pl-opylerle 
Dic h lo rod i fl tio ro me th a n e  

C h lo ro met h a n e 
1,3-Butadiene 

T r  ich lo 1-0 I1 11 o ro ni e t h a n e 
h’l et h y le l ie  Ch lor i de 

Trich loro t ri fl uoroe th a n e  
Methvl Ethvl Ketone 

1,2,4-11-icli lor-olienze 11 e 
H cs ach  lo ro-  I , 3 4 3 ~  tad ie ne 

Benzene 
Carbori Tetrachloride 

I o l u e n e  
11-Octane ’ 

E thy I he nzene 
ni. D-Xvlenc 

Styrene 
0-Xylene 

1,3,S-T1-imethylberlzelle 
1,2,4-T r i 111 ethyl Iienzen e 

Table 3.1 -Compounds Never Detected i n  the VOC Air Samples Taken a t  CARlI’ 



Weekend Vs. Weekday Results 

For the year o f  VOC data, an  analysis ofweekday vel-sus weekend levels was  conducted. Table 3.5 gives 
summaiy statistics for iiiinimiim, iiiaxiiiiiim and mean of the weekday samples versus the same statistics Cor the 
weekend samples. Figure 3.1 is a graph of  these results. For almost all VOCs, the weekday mean is greater than the 
weekend mean. Carbon tetrachloride and chloromethane are the exceptions. Methyl isobutyl ketone, dichloro- 
tctrafliioroethane, chloroethane, acetonitrile, and acrylonitrile were only dctected on the weekdays. However, Table 
3.2 indicates that these weekday-only compounds were detected in fewer than fifteen percent of the air quality 
sam))les. 

Graphs - Volatile Organic Compounds 

I n d i vi (111 a I Coni pou ncls 

Twenty-nine compounds were detcctcd during the study. 1:wo of thc compouncls detected at  the highest 
concentrations wcre graphed with I6 ppbv as the maximiim valuc on the y-asis. Thcsc compounds arc acetylenc 
and toluene (ligiire 3.2). 

Another group ol'compounds wcrc detected consistcntly, but a t  levels o f 4  ppbv or Icss. These compounds 
arc benzene (figtire 3.3) ,  methyl ethyl ketone (ligtirc 3.3). methylcnc chloride. m,li-sylcnc, o-xylene, propylcne 
(figure 3.3), tricliloi-ofliioroiiictli;~iic. and I ,2,4-trimctliylbenzenc. l'hcse compounds arc emitted from mobi I C  
SOLI rccs . 

A niimber of compounds werc regiilarly present a t  leve ls  bclow 1 ppbv. These \vert 1 ,3-butadiene. 
chloromethane, clichlorodill iioroniethanc, cthylbenzcnc, methyl isobutyl ketone, styrcne. and I ,3,5-triiiicthyl 
benzene. Acrylonitrile w a s  iiiiiisual, with ;I single detection at approsimatcly 0.3 ppbv. 

The linal group of compounds were mcasurcd at Icvels of less than 0.20 ppbv. Carbon tctrachloridc, 1,- 
dichlorobenzene, I ,  I ,  I -triclilol-oetliaiie. and tricIilorotriIluoroetlianc \vcrc consistcntly sccn. Detections of 
chlorocthane, chloi-oform, diclilorotetrafluorocthanc, and trichlorocthylenc wcrc spoi-adic. 
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I,I ,I-TRICHLOROETHANE 

CARBON TETRACHLORIDE 
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TRICHLOROETHYLENE 

cis-I ,3-DICHLOROPROPENE 

trans-I ,3-DICHLOROPROPENE 

TOLUENE 

BROMODICHLOROMETHANE 

METHYL METHACRYLATE 

METHYL ISOBUTYL KETONE 
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Figlire 3.1 - Weekday Vs. Wceltentl Mean For VOCs At CAMP 

Compound 

Weekday Mean 
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Weekday Vs. Weekend Mean For VOCs At CAMP , .Weekday Mean . 
Compound 0 Weekend Mean 

" - - l _ _ _ _ _ ^ _ _ ~ l l _ ^ _ . l " ~ - " -  r--- 1.2 - DICHLOROPROPANE 

ETHYL ACRYLATE 
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rn. DICHLOROBENZENE 
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0 .  DICHLOROBENZENE 1 ' 

12.4-TRICHLOROBENZENE I I HEXACHLORO-1.3-BUTADIENE 
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Mean Value (PPB) 

Figure 3.1, cotnpleted. 

37 



Parts Per Billion by Volume 
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Compounds As Croups 

For the piii-pose of analysis, soiiie of the compounds were graphed i n  groups. Figiii-e 3.2 shows that the two 
largest-concentration VOCs, acetylene and toluene, frequently trend up and downwards sim;iltaneously. Figures 3.4 
through 3. I O  graph various clilorofluorocarbons that are expected to have conimon soiirces. Dichlorodifluoro- 
metliane trends closely with chloromethane. Triclilorotliiorometliaiie often follows trends for methylene chloride. 
I ,  I ,  I -tricliloroetliane.aiid carbon tetrachloride show similar trends. Tetrachloroethylene is rarely detected, but 
soiiietimes peaks along \vi th  trichloroethylene. Trichlprotrifluoroetliaiie remains consistently low, and does not 
rollow the pattern for methylene chloride. I ,  I ,  I -trichloroethane a'nd carbon tetrachloride remain low for much of the 
tiiiie, but track each other closely. The two trimethylbenzene isomers mirror each other,.nlthough I ,3,5 is always 
low'er than the I ,2,4 isomer. 0-xylenc levels ai-e mid-way between those of the trimetliylbenzeiie isomers. 

The next graph (Figure 3. I 1 )  is a plot of benzene, toluene, ethyl-benzene, xylenes, and styrene. These 
cornpoiincis arc emitted by sources such as iiiotor vehicles, gasoline stations and oil refineries. This yeai--long graph 
sIio\vs that h c y  trend tip and down together. 
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Cor r el a t i o n Coefficients Between Compo 11 n ds - Vo I a t i le 0 r g a n i c 
Compounds 

A correlation coefficient analysis was conducted for the volatile organic compoitnds. To simplify 
the calculations, only VOCs detccted i n  over 75%) of the air  samples wcrc analyzed for correlation to other 
compounds. Rcsults (Table 3.6) show that acetylene and propylene, the largest concentration compounds, 
are correlated strongly to the benzene-toluene-ethylbenzene-xylene (BTEX) group. The 
chlorofluorocarbons are not coi'related to the BTEX suite, but show some correlation to one another. This 
is expected, because air emissions of different compound grotips likely come from.diffcrent sources. 
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Precision of Sample Results - Volatile Organic Conipounds 
I .  

Pci-i od i ca I I y t 11 ro ug Iiou t t Ii c year, a seco nci ca 11 i s te r was saiilp I ed si ni ti Ita ne0 us I y wit 11 t l ie  iiia i n 
samplc. These ‘additional samples, known as duplicates, were collected in  order to assess the precision 
(repcatability) ofthe canister sampling method. On the duplicate sampling dates, tlie laboratory also 
conducted a tcst oftlic precision of tlie analytical process by injccting two samples of each canister’s air 
into the gas clirotiiatograph/niass spectrometer. These samples arc known as tlie laboratory rcplicates. 
Thus, this project collected two types of precision data - duplicate data, which assesses both sampling and 
analysis procedures, and replicate data, which assesses laboratory analytical method repeatability. Detailed 
information regarding precision and accuracy results i s  presented i n  the appendix to this report, which is 
available as a separate document. 

Field Blanks - Volatile Organic Compounds 

The volatile organic compouncl sampling method involves sampling in stainless stccl canisters 
with specially-trcatcd interior surfaces. The canisters are  r c - L I S C ~ .  Aftcr a full canister is annlyzcd, i t  i s  
puiiipcd out rcpcatedly to a high vacuiiiii. This proccdure cleans i t  for the ncst w e .  Periodically, one 
caiiistcr from cacli clcaning batch is tested to make SUI-c the mcthod i s  performing adequatcly. The test 
canister i s  tilled with ultra-piire air, and then analyzcd. If i i  shows no contamination, tlic bntch is released 
for USC. Ifcoiitatiiinatioti is found, the cntire batch i s  scnt through the cleaning proccss for n’second time. 
The canisters arr ivc in  the field closed, and under 20 to 30 inchcs ofvacuum. Thcrcfore, field blanks are 
not uscd i i i  this mcthod. Thc canistcrs are ”blanketl” a t  tlic laboratory prior to shipping to tlic field. 

. 



Compounds of Significance: Sources and Health Effects 

0 f the ti fty -e i gh t vo I a t i  le organic compo tin (1 s sa nip led, s i  s showed ann ua I in ean concentrations 
greatcr than I part per bil l ion (ppb) in Denver ai!. These are: acetonitrile, acetylene, benzene, methyl  ethyl 
ketone, propylene, and toluene. Four  of tlie compounds whose annual m a n s  were less than 1 ppb, I J- 
butadiene, carbon tetrachloride, tetracliloroctliylcnc, and I)-diclilorobenzeiie, had concentrations that were 
above the EPA concern level for cancer health effects. Acryloni t r i le rcsults show a canccr risk grcatcr than 
onc in a in i l l ion,  but  results use a singlc value as tlic "annual mean" conccntration, because a l l  other daily 
values were be low the detection limit. Information regarding thc nature, sources, and potential hcalth 
cffects of each of these compounds (esccpt acrylonitri lc) i s  g ivcn  bclow. Levels observed in Denver are 
also compared to national EPA "benchmark" concentrations, which are used to evaluate whether areas are 
meeting national EPA goals for reducing concentrations o f  hazardous a i r  pollutants. However,  unl ike 
national ambient air qual i ty standards govcrning pollutants sucli a s  carbon monoxide or ozone, these EPA 
"benchmark" valucs do not have thc forcc of l a w  or regtilation. They arc s imp ly  levels at wh ich  EPA 
believes these pollutants may begin to cause health effects on sensitive members of the population. 

Acetonitrile 
\ 

Acetonitrile i s  a volati le organic compound w i th  tlic formula CHjCN. I n  t he  atmosphere, i t  csists 
as a gas. Acctonitri ld i s  uscd in tlie chemical industry for making acrylic fibers, n i t r i le rubScr, pcrfi imes 
and ~~1i;irii iaceiiticaIs. ( C A R B  Fact Shect on Acetonitri lc). I t  is  of tcn used as ;I solvent. 

Emissions froin automobilcs and mantifacttir ing opclntions arc tlie m a i n  ntniosplicric sourccs of 
acetonitrile. The Cal i fornia Air Resources Board indicates that coating, cngraving, and a l l i ed  services arc 
thc main  stationary soiirccs of tlic compound in  California ( C A R B  Fact Shect 011 Acctonitri le). 

Acctonitri lc, also known as methyl cyanide, i s  metabolizcd to liyclrogcn cyanide in the human 
body (EPA OPPT Chcmical Fact Shcct on Acetonitrile). Thus, hcaltl i  reactions to an  csposurc to 
acctonitrilc may be tlclayccl. Acetonitri le i s  an irritant to the skin, eyes, and lungs. V c r y  high cxposurcs 
can affect tlic nervous system, leading to drooling, nausca, vomiting, confusion, hcadachc, and convulsions. 
Lcvcls grcatcr than  500 ppni can cause death (Ncw .Icrscy Hazardous Substancc Fact Shect on 
Acetonitri le). Stiitlics h a w  indicatcd that acctonitrilc can causc birth dcfects in anin ia ls ,  but gcnerally only 
a t  IcvcIs whcrc the inotl icr i s  csperiencing obvious symptoms. I t  i s  not known whether acctonitri le can 
causc canccr. Duc  to :I lack ofsttit l ies i n  this arc3 EP.9 considers i t  not classifiablc as to carcinogenic 
s l a  tu 5 .  

EPA's  OPPT c1icniic;iI h c t  slicct on ;icctonitrilc cites air conccntration information in thc 
Hazartloiis Siibstancc Data Bank (HSDB) .  According to th is  soiircc. Icvcls in rural and urban US arcas 
rangc from 2 to 7 ppb. The niaxi i i iuni  obscrvcd iii t h i s  study, 5.5 ppb for a 24-hour a v c ~ i g e .  tits I-iglit 
\\.til1 i n 111 i s  I';I ngc. U 11 tort ti nat c l  y . E PA lias not dcve lo pet1 cii nccr ..bench i i i a  rk" Icvc I s for t h is  co mpou nd. 
l-lo\\:cvcr. EPA indicatcs ;I nonciinccr "rcfcrcnce concentration" of60 i iy/m3 (36 ppb) acctonitri le in  air. 
This  rcfcrc11cc conccntration is dcscribctl by EPA as ";in cstimatc (w i th  unccrtainty spanning pcrliaps an 
ordcr of niagnitudc) o f a  daily csposurc to tlic l i i iniaii populntion (including sensitive subgroups) tha t  i s  
l i kc ly  to bc \vit l ioi it an apprcciablc risk ofdcletcr ious iionciinccr cff'ccrs during a l i fc t in ic."  I n  otl icr \\.urds: 
IcvcIs bc Io \ \~  36 ppb arc bcl icvcd to keep one ~ i f c "  fi'oni health cffccts otl icr tIi;in canccr. c\,'cn Ovcr ii  I i fc-  
long csposurc. Yct th i s  36 p p b  "sufc" IcvcI csriniatc l ias 3 1 1  uncci.t;iinty factor of' IO, indicating tha t  IicaItIi 
cffccts coiilcl occur :it Icvcls tcii t i i i ics l o \ \ ~ r  (3.6 ppb) .  Thus. t l ic IcvcIs ofocetoni t r i lc  sccn in Dcnvcr a n d  
urban US air could b e  ciiiisc t'or concern. Ho\\:cvcr. acctoniiri lc \\'as only tlctcctctl i i i  9% o f t h c  do\vnio\vn 
Dcnvcr s;inililcs . 



Acetylene 

Acctylene is  a hydrocarbon compound with the formula C2H2. I t  exists in the atiiiosphere as a 
CO~OI-~CSS a n d  odorless gas. I t  i s  tiscd in the production of organic chemicals such as v iny l  chloride, v iny l  
acetatc, and acrylatcs (Kirk-Othmer, Vol. I, 11 240). Another common use i s  in  welding torches used to cut 
or solder mctals. 

Acetylene i s  emitted into the atmosphcrc f rom cngines ( C A R B  Fact Sheet on Acetylene) and from 
wood burning. (EPA CHIEF,  Residential Wood Stove Chapter). As acetylene i s  produccd b y  the thermal 
cracking of hydrocarbons (N IOSH Criteria Docuii ient on acetylene), petroleum refineries are another 
so 11 rce. 

Acctylene is :in asphyxiant that can dccreasc the amount o fava i lab lc  oxygen. Thus, tlie health 
effects o f  exposure to large concentrations of th is  compound involve oxygen deprivation and  include 
licaclachc, dizziness, liglitlieadedness, iinconsciousness, and tlcath. These concerns generally apply to 
worke1.s using acctylene-powercd welding torches in  confined sl,accs. In outdoor air, acetylcnc is  at much 
lowcr coiiccntrations. According to tlic Nat ional  Institute for Occupational Safcty and Health, acetylenc i s  
not belicved to have any toxic health effccts beyond i t s  asphyxiant properties. In fact, dur ing the carly 
twentieth century acctylcnc was used as an ancsthctic for surgical patients. ( N I O S H  Criteria Document on 
Acetylene). Acetylene has not bceii investigated for carcinogcnic effects, or abi l i ty  to cause b i r th  dcfccts 
(New Jcrscy Hazardous Substance Fact Shect on Acctylene). 

The EPA A I R S  system lists data f rom tl ic state of California. Annua l  concentrations ofaccty lene 
in California typically rangc from I to 5.5 ppbv. Tl ic a i i i i i ia l  iiic;in o f t l i c  Denver C A M P  data i s  3.75 ppbv, 
within the California range. 

The E P A na t i o na I air  tox i cs an a I ys i s e ffo rt liii s 11 ot d eve loped any recoin m e n d ed be nc Ii i l i a  rk 
values for acetylcne. The A i r  Pollution Control  Div is ion does not believe that the maximt im valuc of I5 
p p b  observed in Denver a i r  during this study has any health significancc. 

Be ti zeii e 

Benzene i s  :i hydrocarbon compound w i th  tlic formula C(,H(,. It cxists in the atmospherc as a 
coIorIess gas w i th  a s\vect odor. I t  i s  used in chemical manufacturing of medicincs, detergcnts: esplosivcs, 
shoes. dyes, lcatlicr, rcsins, paints, plastics and inks ( C A R B  Fact Slicct on Benzcnc). It i s  also presciit in 
ga so I i nc. 

The largest sot~rccs o f  benzcnc i n  ambicnt air are automobilcs. scn2icc stations, rctincries. and 
chemical plants. Burn ing  of vegetative mattcr in forcst l ires ant1 \voodstovcs is  also a sotircc. 111 anibient 
air. bcnzcnc rcacts \\:it11 hydroxy l  ( O H )  radicals \vit l i in :I fciv Iiotirs. This chemical transforination prcvcnis 
the  build-up of large conccntr;itions in outdoor air. 

From a tosicological standpoint: beiizcnc i s  ii serious coiiccrn. Unlike many of the compouncls 
tliscusscd here, bciizcnc is  a proveii Iitiman carcinogcn. I t  daiiiagcs tlic blood-torming capacity o f t l i c  body. 
leading to mmii;i or Icukcmia. L i kc  tlic other voluti lc oi.g:iiiic compouncls. breathing largc aii ioiints can 
ca LISC I igh t licit tlctl iicss, licaclachc, vo ni i t i iig : con vti I s i  011s. co t i i a  ;i l id  dcath . Ex  pcri men ts \vi 111 I abo ratory 
animals  suggcst t h a t  bcnzcnc exposurc may be associated \vitIi ntiii icrotis cancers. I t  may C:IIISC bone 
iii:irrow tlaiiiapc and boric formation problcms for ii tlcveloping fcttis (ATSDR Toxicological  Prof i lc  for 
Bciizciie). I t  ;iIso irritates tlic skin and cycs: cscrting :I drying cTfcct. 

A T S D R  cites national 1984 to I9Y6 data from 300 cities, which indicate an average benzenc level 
of I .S ppb for urban and suburban areas ( A T S D R  Toxicological Profi lc for Benzenc). Tl ic Denver iiic:in of 
I ppb observed in th is  study i s  somewhat loiver. This 11i;ry rct lccl  rcccnt national progress in  rcclucing 
hciizcne ciiiissioiis ti-om iiiotor vehicle fticl: Tl ic D c n \ w  l c \ ~ I s  ma)' bc asscsscd by coi i i lx i i ing them to 
n!itional EP.4 "hc i i c l ima i~k" ' \~~~ l t tcs  for bcnzcnc. 
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As part of its national air toxics analysis effort, EPA has developed recoininended benchmark 
concenirations for various hazardous air pollutants. For each hazardous air pollutant the EPA has tried to 
develop an “acute” benchmark, as well as “chronic” and “cancer risk” benchmarks. The aciite benchmark 
value represents a value that an individual niay be exposed to for a short period of time, without risk of 
health effects. The period of time niay vary for each pollutant, but for the purposes of the analysis here,. 
one compares the highest twenty-four hour daily value observed over the year with the ‘‘acute” benchniark. 
The “chronic” and “cancer risk” benchmarks represent concentrations to which an  individual may be 
exposed over a lifetime without a large risk ofinctirring health effects. For the purposes of tlie analysis 
hei-e, one compares the annual mean to the “chronic“ and “cancer risk” benchmarks. 

r 

Compo ti ii? :\ 11 riual R’I ea 11 A 11 11 u a1 R’I ea 11 ,Caiicer Risk Cancer  Risk I n  
pplJ\’ Ug/l113 Per  rig/iii3 (l/(ug/ni3)) Ambient Air 

I .  

The beiichmarks for the hazardous air pollutants may be found oii the following EPA web page: 

Colllpotlllcl 

Be llZel1 e 

http :i/www , epa . gov/tt n/a twit oxso iii-ce/s iiiiiinarv . h tin 1 

Tables 3.7 and 3.S stimmarize tlic EPA bcnchmorks availablc for bcnzenc. This compountl has 
benchinarks for long-cxposure period health effects (canccr and chronic), but  “acute” benchmai-ks for a 24 
-hour period have yet to be tlcveloped. 

:\ I l l l u a l  R’lean .‘\ I1 11 11 a1 R’lea I1 No n -c  a 11 ce I- C 11 ro 11 i c No n - ~ a  11 ce r C h 1-0 ii i c 
p 1, I, \, ug/ni3 L I  g/I113 Hazard I ntler 

1 .oo 3.19 30 0 .  IO6 

Table 3.7 compares the iinntial mean values of this compound to the EPA ’. risk factor” for 
developing cancer. Columns two and three of Table 3.7 give the annual mean of the compound, as 
mcnsured i n  parts per billion volunie and then converted to micrograms per cubic meter (iig/ni3). Columii 
four of Table 3.7 gives thc canccr risk factor associated with breathing average conccntrations of I ug/m3 
of bcnzenc during a lifctime. Column five, Cancer Risk in Ambient Air, rclatcs anntial concentrations 
obscrved a i  the CAMP station to tlie risk ofcontracting caiiccr. EPA’s goal is for thc risk i i i  column five to 
be I X 10-6 or less. Thtis, cancer risk from benzcnc is,t\vcnty-five times higher than the EPA goal. 

Table 3.8 comprircs the aniitial mean valtic of this compotind to ilic EPA “Hazard Index” value for the risk 
of chronic (non-canccr) health effccts. Coltinin four, Non-canccr Chronic, of Table 3.8 gives thc value at  
wliicli EPA belicvcs chronic i iea l t l i  effects to the po1;tilation \vi11 not occtir. Column five is a ratio oftlie 
annual  mean (column 3) to thc Non-cancer chronic value i n  column four. EPA’s goal is that  this “Hazard 
Index” be lcss than I .O. (That is, the annual concentration should bc lcss than  tlic Non-cancer chronic value 
for the pollutant). For bcnzcnc the risk is wcll below I .O. 

\ 

Table 3.7 - Benzene Aiiriital Mean Versus Cancer Risk 

Benzene /I I .00 3.19 0.0000078 I Z.49E-0s 

I1 I I I I 



I ,3-Butadienc is a hydrocarbon compound with t l ie formula C,H(,. I t  esists iii the  atmosphere as a 
colorless gas with an odor similar to gasoline. I t  is used in making rubber and  plastics. Tlic most important 
LISC is  in tire production. I t  is also used in tlic production ofchcinicals such as I ,I-hcsatlicne (NIOSH 
Currcnt Intelligence Bul lct i i i  4 I ). 

According to the California A i r  Resoiirccs Board, most emissions o f  I ,3-butadiene conic from 
combustion o f  fileis in  diesel and gas-powercd iiiotor vchicles. Other sources that they l i s t  include 
petroleum refining, tire wear: residential wood hcatinq, and forest tires. Rubber  and chemical production 
p lants  also h a w  emissions. 

I ,3-Butacliene i s  ofconccrn tosicologically bccause i t  i s  :I probable carcinogen that also lias 
advel-sc effccts on reproduction and fetal development. Esposure to high coiiceiitratioiis can C;IUSC 

irritation and central nervous system cffccts such tis eye irritation, cough, sorc throat, headachc, drowsincss, 
nausca, tiiicoiisciotisiiess, and death. Rats and mice exposed to th is  compound in laboratory tcsts developcd 
m ti I t i plc ca ticcrs \vi t Ii i n s i  11 g le i t i  d i v i  d tia I s . TI1 c a t i  i ma I s li ad da ti1 aged tcstes a 11 d ova ri cs, a lid o ffs 11 ring o f  
t hc a ii i ma I s had s ke I eta I pro b I e m s. 

ATSDR estimates that urban and suburbon arcas have an avcrage coiicciitl.atioii of0.3 ppb I ,3- 
butadicnc, while rural arcas hove 0. I ppb (ATSDR Tosicological Protilc for I ,3-Butadcnc). The annual 
avcragc at  CAMP, 0.2 ppb,  i s  wi th in  this range. Tlic significance of thc Denvcr concciitl.atioiis can be 
assesscd by comparing them to national EPA "benchiiiark" values for I ,3-butadiene. 

As part o f  its national air tosics amlysis cffori, EPA l ias  developcd rccommenclctl benchiiiark 
coiicciitratiotis for various hazardous air pol lutants. For cach hazardous a i r  pollutant the GPA has ti-icd to 
dcvclop an "icutc" benchmark, as w e l l  as "chronic" and "cancer risk" benchmarks. The :iciitc bciichmark 
valuc rcprcsciits a valuc that an individual5 map be csposccd to for a short pcriod o f  time. without risk of 
health cffects. Thc pcriod o f t imc  may vary.for cach poIlutant,.b~it for tI ic'~~tirposcs o f thc  analysis here, 
one coiiiparcs tlic hiyhcst twcnty-four hour daily \/nluc obscrvcd over the ycar with tlic ";iciitc" bcrichmark 
The "cliroiiic" and "cancer risk" benchmarks rcprcscnt concentrations to \vhich an intlividtial may be 
csposetl over ;I l i fetime without a largc risk of incurring hcalth cffccts. For tlic p\irposcs o f t l i c  analysis 
here, oiic coiiiparcs the aiintial mcan to the '.chronic" arid "caiiccr risk" benchniarks. 

The benchmarks for tlic hazardous ail pollutants may be found on thc following EPA \vcb pagc: 

I1 ttp : !/\\I \.V\V. e 1x1. <ovitln/a t\V/tO s s 0 1 I I-ce/s 11 I l l  n-la ry . I1 tm 1 

Tables 3.9 a n d  3. I O  summarize ttlc EPA bcnchmnrks ;iyailnblc for I ,3-butadiciie. This compound 
h;is benchinarks for long-csposurc pcriod hcalth cffccts (canccr and chronic), but ";ictitc" bcnchmarks for a 
24-hour pc'riod Iiavc yct to bc developcd. 

Tablc 3.9 comparcs tlic ;iiiiitiaI i i iean values ot'this compound ro thc EPA .. I-isk lilctor" foI 
Columns t\\.o and three of Tablc 3.9 give tlie annua l  m e a n  o f  thc compound, ;is tlcvcloping ciiiiccr. 

iiieasurcd in par ts  per b i l l ion \,olumc a n d  t l iei i  convcrtccl to micrograms pcr cubic iiictcr (ugiiii3). Column 
fo ti r .o f Ta b I c .3 .9 g i \a I li c c ii nc c r r i sk con cc 11 I rii I io ii ;I ssoc i :i t c (I \vi t h b reti t I1 i ii g a 11 ii vc ra@c c o lice 11 t 1-:i t i oii of 
I ttg!m3 bcrizenc ovcr ;I lifetime. Column tit'c, Cnnccr Risk in Ambient Air. rcl;itcs aniitial coticciitriitioiis 
observcd a t  tlic C A M P  station to tlic risk ofcontracting ciiiiccr. EPA's  goal is for the risk in  column five to 
bc I S 10-6 or Icss. Thtis. 'cancer risk from I.3-butatlicnc is  I I tiiiics Iii@hcr than the 13PA goal." 

Tnblc 3. I O  coiiiIxircs tlic ;iiiiiti;iI iiic;iii \f:iluc ofthis compotiiicl to the EPA "I-laznrtl Iiidcs" \ ,due 
for the risk o f  chronic (non-cancci-) I icaltl i  cffccts. Coltinin four, Noli-canccr Chronic. ofT;iblc 3 .  I O  <71\'cs 
ilic v:iItic ;it which EPA bclic\.cs chronic hcalih cfi'ccts to ihc population \\.ill i io i  occlir. Column ti\:c i s  :i 
ratio o f t l ic  ;iiiiitt;iI mc:in (coluiiin 3 )  to thc Non-c:incci. cliroiiic \~aluc iii column four. ITPA'S  go;il is i l in t  



this "Hazard Indes" be lcss than I .O. (That is, the anntial~conceiitratioii s1iould.be lcss than t l ie Non-cancer 
chronic value for t l ie pollutant). For I ,3-butadiene the risk i s  w e l l  below I .O. 

l a b l e  3.9 - 1,3-Butadieiie Annual Mean \'ersus Cancer Risk 

Coni pou n d 

I ,3-Butadiene 

Annual Mean Annual Mean Cancer Risk Cancer Risk In 
ppbv Ug/1113 Per ug/m3 (I/(ug/ni3)) Ambient Air 

0.17 0.38 0.00003 1 . I  3E-05 

Table 3.10 - 1.3-Butacliene Annual Mean Versus Non-Cancer Chronic Risk 

Coni po u n d 

1,3- Bii ta cl ie 11 e 

Annual Mean Allrlual Mean Non-cancer Chronic N on-cancer CIi ronic 
ppbv Ug/l113 Ug/1113 Hazard I d e s  

0.17 0.38 2 0.188 

Carbon Tetrachloride 

Carbon tctrachloride, also known as tet~acliloroiiietliane or nictlianc tctracliloridc, i s  a clilorinatecl 
hydrocarbon with tlic formtila CCI,. I t  csists iii tlic atmosphere as a gas a n d  i t  l ias a swcet odor. Tlic 
pi-imary uses o f  carbon tctrxhlor idc \ \ w c  as  a dry clcaning solvent, a grain fumigant: ;IS ;I rcfiigcraiit: and 
as  ;in aerosol propellant. Carbon tctrachloridc l ias a long atiiiosplicric half-life; i t  can travcl to the highcr 
rcachcs of the atmosp1icre.and damage tlic eartli's ozonc laycr. Duc to i ts  tosicity and ozonc-damaging 
qtialitics, most uses of carbon tekicli loride liavc been banned. I t  i s  s t i l l  in tisc in industrial settings for 
jiroducing refrigerants. 

Carbon tetrachloritlc i s  emittcd to tlic air from industrial SOLI~CCS and from pctrolcum refineries 
(California A i r  Resources Board Toxic A i r  Contaminant Idci?tification List Summary for Carbon' 
Tctracliloridc). Tlicrc arc no natural sotirccs of carbon tctracliloridc; i t  i s  procluccd by i i i a i i  (ATSDR 
Tosicological Profile for Carbon Tctracliloride). 

As i s  trtic for m a n y  o f t l i c  chlorinatccl hydrocarbons, breathing large conccntratioiis of carbon 
tetrachloride lias central nervous system effccts including lightlieadedness, coma. convulsions, double 
vision, intoxication. and death. I t  can also C ~ L I S C  \o i l i t ing.  In animal studies, i t  liad cffccts on tlie l ivcr  
and kidiicy. Male rats  esposcd to carbon tctracliloridc had lowcr sperm production. Female rats csposccl to 
it liad stuntcd offspring with birth dcfccts. Carbon tctrachloridc lias been associatcd with l iver and kidney 
cancer in animals, but EPA considcrs i t  a Class 82 Carcinogcn (probablc Iitiniaii cnrcinogcn). 

Tlic California A i r  Resourccs Board Iias monitored carbon tctracliloi-iclc :it a number of locations, 

Itlentiticatioii List Stiiiimary for CLirboii Tcti.ac1iloridc). Tlic 0.08 ppb mean obsci-vcd in this Denver study 
is ;it tlic s;imc Icvel. Tlic significance of tlic Dcnvcr coiiceiitratioiis c;in bc ~SSCSSCCI by coiiip;iriii,g t l ici i i  to 
iiii I ion a I E PA "bc nc 11 ni ii I- k " \,a I tics fo r carbo i i tct ra c 11 I o r i  de. 

. and found a m c m  \,nluc of0.078 ppb (California Air Rcsourccs Board Tosic A i r  Contaminant 

A s  pal-t'of i t s  n:itional air toxics analys is  cffort. EPA 1ias d e \ ~ l o ~ ~ c t l  rccoiiitiicntlcd bcnc1imar.k 
concciitrations for various hazardous air pollutants. For each Iiaziirdous air pollutant tlic El3/\ 1i;is tried to 
dcvc lop ;I 11 ..;IC LIIC" bcnc 11 mark ~ a s  UT I I 3s "c 11 roii ic" ;i i d  "cn iiccr risk '. bc i i c h  iiia rks . Tlic ;I c tit c bench nia rk 
\.;iluc rcprcscnts ;I value t h a t  o i i  indi\tidtial iiiay bc csposccl to Cor ii sliort pcriocl o f t imc.  \\.iiIiout risk of' 
1ic;iItIi cff'ccrs. Tlic pcriod o f t i l i i c  may \~ir!; for u c l i  po1lur:int. but  for tlic ptirposcs o f i l i c  analysis licrc. 



one comparcs tlic highest twenty-four hour daily value observed over the year w i t h  the "acute" bcnchmark. 
The "chronic" and "cancer risk" benchmarks represent colicelitrations to wh ich  an indiv idual  may be 
exposed over a l i fc t ime without a large risk o f  incurring health effects. For the purposes of the analysis 
here. one compares the annual mean to  the "chronic" and "cancer risk" benchinarks. 

Coin pou n cl 
\ .  

Ca I- boil Tr t 1-21 c t i  Io r id e 

The benchmarks for the hazardous air pollutants may bc found on the fo l low ing  EPA web page: 

Annual Nleari Annual Meail Cancer  Risk Cancer Risk In 
ppbv ug/m3 Per ug/n13 (I/(ug/m3)) Ambient Air 

0.08 0.50 0.0000 I S  7.55E-06 

Table 3. I I compares the annual mean values o f t h i s  compound to the EPA '' risk factor" for  
developing cancer. Columi is t w o  and three o f  Table 3. I I givc the annual mean o f  the compound, as 
measured i n  parts pcr billion voltime and then converted to miciograms per cubic mcter (tigIm3). Column 
four o f  Table 3. I I gives'the cancer risk cpncentration associatcd w i t h  breathing an average concentration o f  
I tig/m3 carbon tetrachloride over a lifetime. Column tive, Cancer Risk in Ambient  Air ,  relates annual 
concentrations observed at the CAh4P station to the risk ofcontract ing caiicer. EPA's  goal i s  fo r  tlic risk in 
column t i ve  to be I X 10-6 or Icss. Tlitis, cancer risk f rom carbon tetrachloride i s  seven timcs higher than 
the EPA goal. 

C o m p o u n d  

C a r l ~ o ~  Tetracl~loride 

Table 3. I 2  coiiiparcs the anniial mean value o f th i s  compound to tlie EPA "Hazard Index" value 
for the risk o f  chronic (noli-caiicer) hcalth effects. Co lumn four, Noli-cancer Chronic, o f  Table 3. I 2  gives 
the value at which EPA believes chronic health effects to tlic population w i l l  not occur. Co lumn f ive is  a 
ratio o f  t l ie  aiiiitial mean (column 3) to tlie Noli-caiiccr chronic value in column .four. EPA's goal is that 
t h i s  "Hazard Index" be less than I .O. (Thdt is: thc aiiiitial concentration should be less than thc Non-cancer 
chronic valuc for t l ic pollutant). For carbon tetrachloritlc tlic risk i s  wcI1 below I .O. 

A ti  11 u a I RI ea 11 .A t i  t i  u a I RI ea 11 No n -ca II ce r C t i  ro II i c No n -ca II cer Ch ro II ic 
Hazard lndes pp11\, ug/n13 ugh13 

0.08 0.50 40 0.013 

Table 3. I I -Carbon Tetrachloricle Ai inual  Mean Versus Cancer Risk 

I1 I I I I I1 

I ,4- D i c h lo 1'0 be 11 zc ne 

I .4- D i c I1 lorobcnzciic. :i I so. k iioi\.ii ;is pa rii-cl i c  Ii I orobenzcnc. is a c l i  Iori iiaicci. hydrocarbon \v i  th tlic 
fornitilu C,J-I,Cl~. I t  csists iii tlic atmosplicrc ;is ;I gas a n d  it has 21 mothbal l - l ikc odor. Thc  primal-y tiscs of 
I .?-dichloi-obcnzcnc ~ i r c  for iiiot1ib;ills. iiiscciiciclc, or as ;I dry solid i-ooiii/trash bin!toilct dcodoraiit. 

Most cinissions of I .I-dichlorobcnzcnc iii air conic from i ts  hotischold LISCS :IS 2111 insccticidc arid 
(iwc1or:iiii. or f rom fiictorics t l i a i  prodticc tlicsc houschold ~ ~ r o d u c ~ s .  I i idustrial operations protlucing 
poI!pliciiylcnc sultidc iii:iy also cmi i  i t .  :is I ..l-clicliloi~obcnzcnc is iisccl iii i l lc  protluciioii proccss. Tlicrc arc 



no n a t m l  sources of I .4-diclilorobenze1ie; it  is produced by i i ian (ATSDR Toxicological Profle for I ,I- 
Dichlorobenzene). 

As is true for m a n y  of tile chlorinated hydrocarbons, bi-eathing large concentrations of 1 , I -  
d i c h I orobenzenc ha s c cn t ra  I nc rvo us s y s te ni c ffec ts i n  c I ud i ng I ig li t headedn es s, coma, convii Is i ons, do ti b I e 
vision, intoxication, and  deatli. 11 also can cause vomiting. 111 anini 'al  studies, it ~ i a d  effects on the liver 
and kidney. I ,4-diclilorobenzene also effects the blood, Icading to anemia and  possibly, leukemia. (New 
Jcrsey Hazardous Substance Fact Sheet for I ,4-Diehlorobenzene). I ,4-diclilorobenzene has been 
associated with liver and kidney cancer in animals, but EPA considers it  a Class C Carcinogen (possible 
huiiian carcinogen). 

The Environmental Protcetion Agency has monitored 1,4-dichlorobenzene at a iiuniber of 
locations, and found a mean value of 0. I7 ppb during 1976 - 1986 (California Air Resources Board Toxic 
Air Contaminant Identification List Summary for 1,4-Diclilorobenzene). The 0.03 ppb mean observed in 
this Denver study is significantly Iowcr. The significance of thc Denver conccntrations can be assessed by 
comparing them to national EPA "benchmark" values for I :I-tliclilorobenzene. 

As part of its national air toxies analysis effort, EPA has dcvelopcd rccommended benchmark 
concentrations for various haznrdous air pollutants. For cach hazardous a i r  pollutant the EPA has tried to 
develop an  "acute" benchmark, ;is wel l  as -'chronic" and "cancer risk" bencliniar-ks. The acute benchmark 
value represents a value tha t  a n  individual y a y  be exposed to for a short pcriod of time, without risk of 
hcalth effects. The period of time may vary'for each pollutant, but for the piirposes of the analysis here, 
oiic compares thc Iiighcst twenty-four hour daily value observed over the year with the,"acute" benchmark 
The "clironic" and '*cancer risk" bcnchiiiarks represent conccntrations to which an  individual may be 
csposcc1,over a lifetime'\\'itliout a large risk of incurring 1ie:iltIi cffccts. For the purposcs of the analysis 
here, onc'compares thc annual mcan to the "chronic" and  "canccr risk" bcnchmarks. 

The benchmarks for thc hazardous a i r  pollutants may be found on tlic following EPA wcb pagc: 

Tablc 3. I3 compares the annual iiican values of this compound to the EPA '' risk factor" for 
clcvcloping cancer. Columns two and three of Table 3. I3 give llic.aniiiial mean of the compound, as 
measurcd in parts per billion volumc and then converted to micrograms pcr cubic meter (ll~/Iii3). Column 
four of Tablc 3. I3 gives the cancer risk conccntration associated with brcathing an avcrage concentration of 
I ug/m3 I ,I-tficlilorobenzenc ovcr a lifctime. Column fivc, Cancer Risk in Ambient Air, rclatcsmniial 
concentrations observcd at the CAMP station to the risk of contracting cancer. EPA's goal is for the risk in  
colunin fivc to bc I , X  10-6 or less. Thus, cancer risk fi-on1 I ,I-diclilorobcnzcrie is two times higher than  
the E P A  goal. ' .  

Table 3. I4 coniparcs tlic annual nicaii valuc of this coiiipound to thc EPA "Hazard Indcs" value 
foi- the risk of chronic (noli-cancer) health cffects. Column foiir? Noli-canccr Chronic. of Tablc 3.14 givcs 
thc value a t  \\:hich EPA belicvcs chronic hcaltli cffects to tlic population will not occur. Coluiiin t i w  is it 
ratio ofthc annua l  mcan (colunin -3) to the Non-canccr chronic valuc in column four. EPA's goal is that 
t h i s  "Hazard Indcs" be Icss than I .O. (That is. tlic annua l  conccnrration should bc Icss than Ilie Non-cancer 
chronic vnluc foi- the pollutant). For I ,I-diclilorobcnzciic tlic risk is \\.ell bclo\v I .O. 
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colllpou Ild 

I ,4-Dicl1lorobe11zene 

I ' /  
Annual R l e a  n A II II ua I Plea II Cancer Risk Cancer Risk I n  

pplw ug/m3 Per ugh13  (l/(ug/m3)) - Ambient Air 

0.03 0.18 0.0000 I 1 I .98E-06 

Compound 

I ,4-Diclilorobe11ze11e 

klethyl Ethyl Ketone 

Ann u a I R I  ea 11 Ann 11 a I Mea II iV o 11-ca II cer Ch roil ic No n -E a 11 ce r C 11 ro 11 i c 
ppbv ug/m3 u g h 3  Hazard Index 

0.03 0.18 800 0.oou 

Methyl Ethyl Ketonc is a hydrocarbon compound with the formu'la C4Hs0 .  In the atmospl1ere, i t  
is :I coIorIcss gas with a sweet odor. Methyl  Ethyl Kctonc i s  conimorily uscd as a solvciit in  glues, paints, 
1) I ast i cs , pi i 11 t i ng i 11 k s ~ a 11 d c lean i iig so I titi ons . 

Thc California Air Rcsoiirccs Board states that the primary soiirccs of th is  clicmical in  that  state 
arc motor vehicle exhaust, wood processing, wood furnittire muniifncturitig operations, and footwear 
m,?'niifactiircrs ( C A R B  A i r  Tosics Profile for Methyl  Ethyl Kctonc). C A R B  states that the half-life o f th i s  
chemical iii air i s  9 to 13 days. Therefore; i t  can be tl.ansp,ortctl into ;in area from othcr pliices. 

L ike other volatile organic compounds mcasurccl iii t h i s  sttidy: methyl cthyl kctone has irritant and 
central iicrvoiis systcm effects. Mcthyl  ethyl ketone can irritate tlic eyes. skin, a n d  throat. Effects on the 
brain includc headache, dizziness, and blurred vision. I t  also caiiscs nausea (Ncw Jcrsey Hazardous 
Substance Fact Shect on Methyl  Ethyl Ketone). Thcre is not enough information to deteimine \\ihether this 
compound i s  carcinogenic, Animal testing indicates that high csposures to the mother may bc associatcd 
with birth clcfccts in the offspring. 

I n  I996 thc avcrage concentration for iiicthyl ethyl kctolie within thc Cnliforiiia A i r  Resources 
Board air monitoring nctwork \\'as 0. I I ppb (CARB +ir Tosics ProfiIc for h4cthyl Ethyl Ketone). This 
coiii1i;ires to ti mean coticeiitration of I .  I S  pjib for tlic year of monitoring at CAMP. The signiticancc of thc 
Dcnvcr coiicetitrations can bc asscsscd by comparing thcm to iiatioiial EPA "beiichiiiork" values for mctliyl 
ethy I ketonc. 

A s  part ot'its national air losics analysis ci'fort. E P A  has clcvcloped rccoiiiiiientled benchmark 
concctitratioiis for  various hazardous air pollutants. For ciicli Iinz:ircloiis air pollutant the EPA 1ix tried to 
clc\~clop an "aciitc" bcnchmark, as  wcl l  as "chronic" and "caticcr risk" benchmarks. Tlic acute bcnchmark 
\due rcpi-escnts ;I value t h a t  xi individual may bc cxposetl to for ;I short pel-iotl of tiiiic, \vitIiou!: risk of 
Iicalih cffccts. The pcriotl ol'timc iiiay wry  for c;icIi pollutnnt. but tbr t l ic purposes o f  the analysis Iicrc. 
oiic coiiiliarcs tlic liiglicst t\vcnty-four hour daily \';iluc obscrvctl ovcr t l ic year \\.it11 the "iiciitc" bcnchmark. 
Thc "chronic" and "caticcr risk" benchmarks rcIxwciit coi1cciitr;itions to \vhich an individual may bc 
cxposcd ovcr n l i fc t imc \vitliout ;I 1;irgc risk of  incurring 1ic;iItli cffccts. For thc piirposcs o f t h e  analysis 
Iicrc. one coniparcs t l ic  mii it ial iiiciiii t o  the "cliroiiic" a n d  "caiicc'r risk" benchmarks. 
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Table 3. I 5  sunitiiarizcs tlie EPA bencliniai-k available for methyl ethyl ketone. This compound 
has a benchmark for “chronic”, but ”cancer” and 24-hour “actitc” benchmarks have yet to be developed. 

Coni pou rid A n  ii 11 a I M e a  II A n  ii u a I Mea ii N on-ca ii cer C h ro i l  ic 
ppbv LI g/m3 u g h 3  

N oil-ca n ce r C h ro 11 ic 
H a z a r d  Irides 

I I 3.48 I M e t h y l  Ethyl  Ketone ll I /I 1000 0.003 

v I I I I I1 

Propylene 
\ 

Propylene, also known as propene. is a hydrocarbon compound \vitli the formula, CsHo. As a gas, 
it Iias a slight odor anci is color~ess. Propylene is used i n  tlic manufacture ofclieinicals, resins, and plastics. 

Propylenc is cmittcd into the air from paper mills, petroleum refining, oil and gas extraction, and  
motor vchiclc exhaust (CARB Air Tosics Profilc on Propcne). CARB lists an atiiiospheric half-life o f 9  to 
I3 hours. Thus. propylene is tinlikely to be transportcd for long distances. CARB states that i t  reacts with 
OH I-adicals to form formaldehyde. acctaldeliyde, and other compounds. 

Propylene i s  an explosive compound that decreases tlic amount of available oxygen. These 
asphyxiant and explosive properties are mainly a concern to workers using propylene in confined spaces. 
I n  high concentrations, propylene may causc dizzincss, tiiicotisciottsiiess, and death. Propylcne is also a n  
irri tant to the eyes and lungs. I t  m a y  also create heart and liver damage. I t  is not known whcther propylene 
can damage a dcvcloping fctus. The cancer-causing potential of this compound is tinkno\vii: becausc thcrc 
has not bccn adcqllate rcscarcI1. 

Thc EPA AIRS system lists data from tlic statc of California. Annual concentrations ofpropylcnc 
i n  California typically rangc from 0.3 to I . 7  ppbv.  The annua l  mean of thc Denver CAMP data is I .36 
ppbv. \\:ithiti tlic California range. 

Unfortunatcly. thcre arc no E P A  propylcnc “benchmai-k“ cstimatcs for cancer, acute noii;canccr, 
or cli 1-011 ic iioii-canccr hca I t I1 c ffec ts. 

l‘e t I- ac h Io roe t h ylen e 

Tc tracli 101-oc t l i  y lcnc . a I so k tio\vn as pc rch I oroct h y I cnc. i s  ;I cli Iori na t cd h ytlroc:i rbon \ \ , i  t h  t hc 
formula C2C14. I t  exists i n  the atmosphcrc ;is ;I gas. I t  has a “chloroform-like:‘ odor (NIOSH Pockct Guidc 
I O  Chcmical I-laziircls. Tet~acliloroctli~lcne). Tlic primary iiscs oftctracliloroctliylcne ai-e ;is ;I dry cleaning 
sol\.cnt; ;I m e t a l  cleiining soI\.ciit, or for chctiiical procluctioi;. Tct~acliloroc~liylcnc is tisccl in paints. inks, 
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aeiosols, glucs, polishes, silicones and rtibbcr products (CARB Fact Sheet on Tetracliloroetliyleiie and 
OPPT Chemical Fact Sheet on Tetracliloroetliyleiie) . 

Con1 pou I1 tl 

l e t  ra c li lo roe t h y le n e  

. ~ o s t  emissions of tetracIiloroetIiyleiie conie from degreasing, dry cleaning, or chemical 
production facilities. There are iiiicroorganisiiis t h a t  can produce tetrachloroethylene (ATSDR 
Toxicological Profile For Tctracliloroetliyeleiie). 

As is true for many of the chlorinated hydrocarbons, breathing large concentrations of 
tetracliloroetliyleiie has central nervous system effects including lightheadedness, coma, conviilsions, 
double vision, intoxication, and death. I t  also can cause vomiting. I n  an ima l  studies, it had effects on the 
liver and kidney. I t  also is an irritant to eyes, lungs, and .skin. Some animal sttidies suggest that 
tetracliloroetliyleiie exposure may lead to leukemia (NIOSH Registry of Toxjc Effects of Chemical . 

Substanccs Information for Tetrachloroetliyleiic). Tetracliloroethyleiie has been associated with liver and 
kidney cancer in aniiiials, but EPA considers i t  a Class 8 2  or C Carcinogen (probable or possible humail 
carcinogen). 

The California Air Resources Board has moiiitorcd tetrachlorocthyleiie at  a number of locations 
\\;ittiin their state, and found a mean value of0.019 ppb during I996 (California A i r  Resources Board Toxic 
A i r Con ta ni i 11 a n t  I de ii t i  fi c a ti  o n List S ti m nia r y fo r Tct racli I oroet h y I ene ) . The 0 .O 7 ppb mean o bservcd i 11 

this Denver study is significantly higher. As secii iii Tablc 3.17, the chronic hazard indcx for this chemical 
is lo\\{. Flowever. the cancer risk in  air  is almost thrcc times higher than the EPA goal ofonc in a million. 

Annual Mean Annual M e a n  Cancer  Risk Cancer  Risk In  
ppb\’ 11 g/m3 Per  ug/m3 (l/(ug/ni3)) A m b i e n t  A i r  

0.07 0.47 . 0.0000059 2.80E-06 

T a b l e  3.16 - Tetracliloroetliyleiie .‘\nnual Mean Versus Cancer  Risk 

Table 3.17 - Tetrachloroetliyleiie i\nriual R’lean Versus Noli-Cancer Chroii ic Risk 

C O l l l  pou lid A 11 nun I hl ea n An II  u a I R’I ea n No n -ca n cei- C li 1-0 n i E No n-ca ii  c e r  C h 1-0 i i  i c 
ppb\’ U g/m3 ug/m3 Hazard Index 

T e t  racli lo roet ti yl e lie 0.07 0.47 270 0.002 

Tolucnc i s  a hydrocarbon coiiipotiiid with the foi.mtila Cjl-ls. I t  csisis i n  the atniosphcrc 21s ii gas 
\v i t l i  ; in  odor similar to that ot’bcnzcne. Tolticric h a s  ;I ntinibcr of industrial iiscs. I t  is tiscd iii high-octane 
gasolinc. Tolucnc is eniployctl iii procluction proccsscs for Ixiints. resins. glucs. iincl rubber. Theqirinting. 
11 I ast ics. n nd furn i t ti rc i  ntlust rics frcquciit I y L I S C  to I iicne . 

Automotive-rclatcd acii,\*itics arc onc o f  tlic largest sot~rccs oftolucnc iii the ~itniosplicrc. Tolucnc 
is cmittctl from atitoiiiobilc csIi;itist. i ind from gasoliiic stilt ions and rcfincrics. Tolucnc is n componcnt ol‘ 
\\:oocI smoke. Furniture maiiufacttircrs cniii tolucnc. tluc tci  i t s  tise i i i  p a i n t s  a n d  coatings. Forcst t i c s  arc 21 

n a t u r a l  sotircc ol‘toltic‘nc ciiiissions. 
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Toluene is of great concern toxicologically. I t  is an  i r r i tan t ,  has central nervous system effects 
(both temporary and permanent), and can damage a developing fetus. As  an irr i tant ,  i t  causes stinging eyes, 
coughing, and skin irritation. Toluene can affect t l ie brain. Individuals with exposures to large aniotiiits 
have cxpcrienced slower rctlexes, mcmory loss. liea+ng loss, and difficulty cokentrating. Headache, . . , 
dizziness, unconsciousness and death may result from csposure to large concentrations. Nausea and 
appetite loss may also occtir. Mothers who abused toluenc as an  inhalant liad children with brain 
dysftinction, attention deficits, craniofacial problems, and  limb abnormalities. Howcver, the CARB Air 
Toxics Profile, on toluene, which discusses tliesc problcms in offspring, notes that tlie mothers also had 
cxpostirc to other chemicals. Toluene c a n  caiise probleins i n  the. liver and kidneys. Due to an inadequate 
number of studies, i t  is not known whether toluene can cause cancer. 

Con1pou lltl 

ATSDR iiidicatcs that tolucne occtirs i n  pollut.ed a i r  at  levels of0 .3  to 7.95 ppb (ATSDR 
Toxicological Profile on Toluenc). Thus, the Denver iiiean levcl of 2.2 ppb observcd in the year of 
monitoring at CAMP i s  right within a typical US range. Tlie ATSDR Toxicological Profile on Tolucne 
indicates that children living in central urban core areas with largc :\mounts of'traffic liad 56% more toluene 
dctccted in their blood than childrcn living in rural arcas. Tlic significance of the Denver levcls can be 
asscssed by comparing them to EPA "bcnclimark" concentrations for this compound. 

A I1 II Ila I M e a  I1 A II iiual M e a n  Noli-cancer Cliroiiic Non-ca ncer CIi roil ic 
11 1) b \! ug/m3 11 g/ 111 3 Hazard irides 

A s  part of its national a i r  tosics analysis cffort: EPA has developed rccommendcd benchmark 
conccntratioiis for variotis hazardous air pollutants. For cacli hazardous air pollutant tlie EPA has tried to 
dcvelop aii "acute" benchmark, as \vel1 as "chronic!' antl "cancer risk" bcnclimarks. Tlie actitc bcnchmark 
value represents a value t h a t  an individual may be exposed to for a short pcriod oftimc, without risk of 
licalth cffccts. The period of time may vary for each pollutant, but for tlic purposcs oftlie analysis herc, 
one compares the highest twcnty-four hour daily value obscr\~ccl over tlic ycar with the "acute" bencliiiiark.~ 
Tlic "chronic" antl  "cancer risk'' benchmarks rcprcscnt conccntrations to which an indiv idu~l  may bc 
exposed ovcr ;I lifctimc without a large risk of incurring licalth cffccts. For tlic p~irposcs of tlie analysis 
hcrc, onc comparcs tlie oniitial mean to tlic "chronic" and "canccr risk" bcnchmai 

T o  I u e I1 e 

The bcnclimarks for tlic hazardous air pollutants may be found on tlic following EPA \veb page: 
I . .  

I1 t t13:!ihv\v. e13:t. EO\,/t t nh t w/tox so urce/s 11 ill mal-\/. I1 t I l l  I 

-.-- 7 7 7  8.37 400 0.02 I 

6 5  

Tablc 3. I5 summarizes the EPA beiichmark availablc for toluene. This compound has a 
bcnchmark for "chronic", but "canccr" and  24-hour :'ac,ute" benchmarks have yet to bc dcvclopcd. 

Tablc 3. I S  comparcs tlic annua l  mcan valuc ofthis compound to tlic EPA "Hazard Indcx" valiic 
for the risk ofc,hronic (noli-canccr) health ci'fccts. Column four, Non-cancer Chronic. of Tablc 3 ,  I X givcs 
tlic value a t  which EPA bclicvcs cliroiiic health cffccts to tlie population will not occtir. Column tivc is a 
ratio oftlic aiiiitial iiiciiii (column 3) to ihe Non-cancer chronic \~ i luc  in column four. EPA's  goal i s  that 
this "Hazard Index" be lcss t h a n  I .O. (That is. tlie aii i i t ial  concentration should bc Ic'ss t h a n  tlie Noli-caiiccr 
chronic valuc for tlic pollutant). For tolucnc the risk is well below I .O. 

I a b l e  3.18 - l'olueiie Anriual M e a n  Versus Noli-Calker Cliroiiic, Risk 



Health Implications - Volatile Organic Compounds 

EPA has developed ”benchmarks” for a number of  volatile organic compounds. For 
completeness, two tables comparing compounds ineasured in this study with EPA “benchmark” values 
were developed. These tables include tlie compounds discussed previously, as well as hazardous air 
pollutants occurring a t  lower concentrations, which were not discussed previously. 

Tables 3. I9 and 3.20 suinniarize tlie EPA benchmarks available for volatile organic compounds. 
As seen from tlie tables, not all of  tlie compounds measured have benchmark values. These compounds 

.have benchmarks for long-exposure period health effects (cancer and chronic), but “acute” benchinarks foi  
a 24 hour averaging period have yet to be developed. ‘, 

Table 3. I 9  compares the aiintial mean values of thcse compouiids to the EPA “risk factor” for 
developing cancer. Coluiiins two and three of  Table 3. I9 give the annual mean of tlie compound, as 
ineastired i n  parts per billion volume and then convcrted to micrograms per cubic meter (ug/m3). Column 
four ofTable 3. I9 givcs the cancer risk factor associated with breathing a n  average concentration of  I ‘ 

llg/li13 of each pollutant over a lifctimc. Column fivc, Cancer Risk i n  Ambient Air, rclates annuil  
concentrations observed at  the CAMP station to the risk of  contracting cancci. EPA’s goal is for the risk in 
column five to be I X 10-6 or less. Thus I ,3-butadicne, beiizcne, carbon tetracliloride, tetracliloroetliylene, 
1)-dichlorobenzene, and acrylonitrile exceed the risk goals. However, the acrylonitrile risk is quite sensitive 
to the mcthod used to calculate the annual nican. For this study, only samples above detection limit were 
averagccl i n  to t l ie aiintial mean for the compountl. Thus for acrylonitrile, the one sample measurcti above 
detection I i nii ts de term i lied the annual mean conceii trati on. 

- 

Tnblc 3.20 c o m p r c s  the annual mean volucs o f  these compountls to the EPA “Hazard Index” 
value for the risk of  chronic (lion-cancer) hcalth effects. Column four, Non-canccr Chronic, of  Table 3,20 
gives the value at which EPA bclievcs chronic Iicalth effects to the population will not occtir. Coluinn fivc 
is a ratio of thc annual mean (column 3)  to the Non-canccr chronic valuc i n  column four. EPA’s goal is 
that this “Hazard Indes“ be less than I .O.  (That is: tlic annual concentration should bc less than the Non- 
cancer chronic valuc for the pollutant). For al l  compounds, the risk is well below I .O. 

Notes for Tables 3 .  I!, and 3.20: 

Acrylonitrile anii~ral  iiieaii is based on a single detection. 

A l l  compounds listed i n  ihc rcfcrence. cvcn thosc having “no factor“, arc listed hcrc. 

.ND = Compouiitl not detected du r ing  the study.  

in,p - sylcnc iiiid 0-sylcnc mixed xylenes Rcfcrcncc Concciitratioii takcn from EPA IRIS tlatabasc. Fcb 2 I 
2003 tlpclatc. 

Mctliyl Isobutyl Kctonc Rcfcrcncc Concentration takcn t.rom EPA IRIS databnsc, April 2 5 .  2003 tilidarc. 
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Table 3.19 - Annual Mean Versus Cancer Risk for \'OCs 
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Table 3.20 -Annual Mean Versus NowCancer Chronic Risk for VOCs 

Noncancer 
Compound Annual Mean Annual Meail Chronic Noncancer Chronic 

ppbv u g h 3  u g h 3  Hazard lndes 

C t i  lo ro nieth a 11 e 0.59 ' 1.22 90 0.014 
Vinyl Chloride N D  N D  IO0 
1,3-Butadiene 0.17 0.38 2 0.188 

B roni orne t h a ne ND N D  5 
I, I-Dichloroethene N D  ND 200 
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Web Address: 11 tti~://ww~v.cdc.~o~~/niosli/l-tecs/cz~56cl7O.hti1il 

Web Address: http://~v~v~~.celc.go~/1iiosli/rtecs/uc66~82O.litni~ 

Web Add res s : h t t p : / / w v w .  c cf e .  g ov/n i o s h /I- tee s/ ks3 a b f 1 0. h t ni I 

National Institute For Occiiprrtionrrl Sr@y r i n d  Health. ( N  IOSH) Toxicological Review 
of S e I ec red Ch e ni i c a 1 s . P erc h Io roe thy I e tie (Te trach 1 o roe thy I en e). 

Web Add I-ess : h t t p : //ww w. c d c . gov/ii io s h /I, c I8 8/ 1 2 7- I 8. t i  tin I 

New Jersey Deprirtnrent ojHealth r i n d  Senior Services. “Hazardous Substance Fact 
Sheets ” fo 1- V a r i oil s S u bs t ances 
lit t p://www. s t a te. n i . CIS/ h c;i I t h/eo h/rt k \v c h/r t k h s fs. h t in 

Web Add re ss : 

Acetonitrile, dated June 199s. 
Acetylene, dated December 1999. 
Benzene, dated Januaiy 200 1 ,  
1 ,3-Butadiene2 dated July 1998. 
Carbon Tetrachloride, dated August 1998. 
I ,4-DicIilorobenzeiie, clated June 199s. 
Methyl Ethyl Ketone, dated Septenibei- 1996. 
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Propylene, dated May 1997. 
Tetrachloroethylene, dated March 2002. 
Toluene, dated August 1998. 

Occiipcitioiinl Safety criid Health Adirziiiistmtioii. (OSHA) “Chemical Sainpling 
Infonnation” for Various Compounds. Web Address: 
h t tp : //w ww . os h a.pov/d ts/c h e mica Is a nip li n g/toc 

Propylene, dated January 1 3 ,  1999 
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Section 4 - Speciated Non-Methane Organic Compounds at CAMP 
Station 

October 2000 to September 2001 
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Summary Statistics - Speciated Non-Methane Organic Compounds 

63 

Minimum, IMaximum, Mean - All Samples 

57 90.5 

Speciated non-methane organic compound (SNMOC) data collected at the downtown CAMP 
station froin October 2000 through September 2001 are presented in this section ofthe Air Tosics 
Monitoring Report. For the year-long period, speciated non-methane organic compounds were sampled on 
a one-in-six day basis, for a total of 63 samples attempted. Of these, the laboratory successfully processed 
57, for a percentage data recovery rate exceeding 90%. (See Table 4.  I). 

Table 4.2 summarizes the annual miniiiiuni, maximum, and mean concentrations for each of thc 
75 speciated non-niethane organic compounds (SNMOCs) tiieasuretl during the study. Results show that 
e thy1 ene, acetylene, et liane, p ropy I c ne, pro pane, i so b ti t an e , ti - b ti t a ne, i sopen ta ne, n -pen ta ne, 2 -met h y I - 
pentane, ti-hexane, benzene and toluene were the compounds with the highest concentrations i n  ambient 
air: These compounds all had sample mean levels at one ppb or greater, and were detected in  IOOYO ofthe 
canister samples taken. In fact, the ma.jority of the SNMOCs \vcrc detected consistently. Of the 7 5  
compounds sampled, 62 were prcsent more than 90% of the tinic. 

T a b l e  4.1 - Percentage Data  Recovery F o r  SNMOC Samples 

I Sample ~ a y s  I Samples 1 Pcrccn tagc 
11 Sclieduleci I Recovered I Recovered 11 

I I I I 

c 

7 5  



Tiil)lc 4.2 - Aiiiiiial iiiiiiiiniim, iiiaxinitirn, ;iiid iiicaii coiiceiitwtioiis tor each of the 78 speciated noli-inethane organic coinpouiids 

Count of Non-Detects 

, . -  . '"".-I- 
- . .. 

. .  

Percentage Of 
Samples I i i  Which 

Compound Was 
Detected 

Isol)utcnc/l-Riitciic 
I ,3-Bii-tjicl -- ieiie - 
ii-Ru t a w  
ti-;!ris-2-Bu ten e 
ck-2-Butcnc 

I sop en ta ne 

- I  

3-R1etll)~l-l -butene 

i i -  Pei!tji ii e 
I sol) rciie 
t r:i 11s-2-Peiiteiic 
cis-2-Pcii tciic 
2-Rletliyl-2-hu teiic 

Su in inary 
Statistics 

0.09 

0.06 

- .  
~ 0 . 0 -  
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2,2zDi IIIC thy1 1x1 t a  l ie  

Cyc lo~~c l l t c l l e  - .  - 
-I-Rlctllyl-l-pclltcllc 

- 

2-Metllylperltalle 
3-~1ct l ly l~ ,c l l ta  Ile 
2-R’lcthyl-l - -pciitene 
I - H e ~ c i i c  
2-Ethyl-I -1)uteiic . ~ .- 
11- 1-1 c \  a I1 c 
t r a  11s-2- He\  CIIC 

c i 5-2- H e l  e II c 

2,4-Dirnctl i~ Ipciitane 
13c llzellc 
C) clollc\arlc 
2-Rlctllylllclallc - 
2,3-Dinictliyll,e11 t a w  
3-A4 Ct Il)4 l l C \  il I1C 

I -Hcptciie 
2,2 ,4-TrinietI iy l~~c11t i~t i~  
ii-Hcptaiic 
RI c tliylcycloIie\a ._ n e  
2,2.3-Trinietli~l~~c11ta1ic ’ 

- _ _  - - 

1\’1 et Il)~lcyclopcll t a  I l C  
-” ” 7 -  r 

I -  

“ -~ 

Percentage Of 

Samples  In Which  
Compound  W a s  

Detected 

S u  in ma r y  

Statistics C o u n t  of  Noli-Detects 

0.17 
l_-l 

0.0s 0.35 
003 

0.09 0.6 1 .- 

0.28 - 3.15 0 0 I00 
0.23 1.93“ 0 -  0 - ’ --__ 100, 

0.35 2.34 I .OO 
..< n i o  

0.09 1 .00 
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I 

Su in ma r y  
Statistics 

(PI’R) 

Percentage Of 

Samples In Which 
Compound Was 

Detected 
Count of Non-Detects 

J 

11 0.02 
0.0 I 
-I 

0.04 0.1 

0.04 
-”  - 

0.02 
0.02 0.1 1 0.05 11 2 96 
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Percentage Of 

Samples 111 Which 
Cornpourid Was 

Detected 

Su in i n  n ry 
Statistics Count o f  Non-Detects 

(I’ 1%) 

p- D ie t li y I I) e nze 11 e 

Table 4.2, completed. 
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Percentage of Samples For Which Compound Was Detected 

Table 4.2 shows the pcrcentage of the samples i n  \vhich each SNMOC was detected. Sixty-two of 
the compounds were detected i n  over 90% ofthe samples. These compounds are listed i n  Table 4.3. I n  
contrast, only one SNMOC (2-ethyl-I-butene) \vas never detected at all during the study. The six com- 
pounds detected in  fewer than ten percent of'the samples are listed i n  Table 4.4. 

Ethylene 
Acetylene 

Ethane 

Table 4.3 - Compounds Detected i n  Over 90% of the SNMOC Samples Taken t\t C A M P  

2,3-DimetliyIbutaiie 
2-Rlethylpentane 
3- Met h VI Den ta ne 

Et h y I benze n e 
R l  -S y I e n e/P-X y le n e 

Stvrene 

Ethylene 
Acetylene 

2,3-DimetliyIbutaiie 
2-Rlethylpentane 

Et t i  y I benze n e 
R l  -S y I e n e/P-X y le n e 

Ethane 
' Propylene 

Prop a n  e 
lsobutane 

Isobutene/ I -Butene 
1,3 -Butadiene 

Table 4.4 - Compounds Detected I n  Fc\ver Than 10%) of the SNMOC Samples Taken i\t C A M P  

P r-op\'lle 
4-R'iethyl-l -Pentene 

2-Ethyl-I-Butene 
T r  a 11 s-2- Hex en e 

1 -Triclecene 
I-DeceIie 

3-Methylpentane Styrene 
I-Hesene o-X ylene 
n- Hex a n e  I-Nonene 

Metliylcyclopeiitaiie n-N ona n e 
2.4-Diinethylpentane I sop ropyl benzene 

Benzene a-Pinene 

so 

' Propylene 
Prop a n  e 

lsobutane 
Isobutene/ I -Butene 

1,3 -Butadiene 

I-Hesene o-X ylene 
n- Hex a n e  I-Nonene 

Metliylcyclopeiitaiie n-N ona n e 
2.4-Diinethylpentane I sop ropyl benzene 

Benzene a-Pinene 



Weekend Vs. Weekday Results 

For the year of SNMOC data, an analysis of weekday versus weekend levels was conducted. 
Table 4.5 gives summary statistics for miiiitiium, maxiiiiutii, and mean of the weekday samples vcrsiis the 
satnc statistics for the weekend samples. Figure 4. I is a graph of these results. For almost all SNMOCs, 
thc weekday and weekend results are fairly close. Interestingly, some SNMOCs were significantly higher 
during the weekend periods. These are ethane, propane, n-butane, I -decene, I -undecene, 1 -dodecene, I - 
tridecene and 1 -tridecane. 

Graphs - Speciated Non-Methane Organic Compounds 

Individual Compounds 

Thc most prevalent compounds detected during the study are graphed in Figures 4.2 through 4.6. 
The figures are grouped by the maximum y-axis value on each graph, with an attempt to keep related 
compounds together. 
ethylene, and acetylene, which are graphed with IO0 ppbv as the maxiinutii value on the y-axis. The next 
two groups of compounds, graphing at 25 ppbv on the y-axis, include propane, isobutane, n-butane, 
isopentanc, n-pentane, and 2-methylpentanc. Benzene and toluene are graphed at a I O  ppbv scale. 
Propylene, I ,3-butadiene and n-Iicxane are graphcd at a 5 ppbv scale. 1 ,3-butadiene occurs at a very low 
Icvcl, but i s  graphed because this concentration is toxicologically significant. (See Section on “Health 
Iinplications - Speciated Noli-Methane Organic Compounds”). 

For example, the compounds detected at the highest concentration were ethane, 

. 

. 

Compounds As Groups 

Figures 4.7 and 4.8 show some of the largest-concentration SNMOCs graphcd on a 1.00 ppbv 
scale. Thc graphs show that these compounds follow consistent trends, with relative relationships t h a t  
remain stable over time. The lower-concentration SNMOC graphs (Figures 4.9 through 4. I O ) ,  also suggest 
that the relationships between the various compounds rcmain stable over time. These similar ratios of 
conccntratioii across the entire year imply a common source for these compounds. 
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Table 4.5 - Weelterid Vs. Weekday Statistics for the SNMOCs 

Et I1 y I c i ic 
Acctylenc . : 
Elhanc 
Propylcnc . ' .  

l ' l q x l  I1 c 

. -  . 

~. . . .  

r ropync ., .. 

Isoblltanc 
Isobi i tendl  -Butcnc 
I .3 - B ti I a d i c 11 c 
11 - B 11 13 I1c 
Ll'alls-2-Butcnc 
cis-2-Butenc .. 

, _ . .  

. . . . . . . . . .  

' 

. -  . . . . .  . : 

3-Mc1hyl- I -bu1cnc 
Isopcntal!c 

1 - P c l l t c n ~  ,* 

7-Mcihyl- I -butcnc 
11-Pcntanc 
Isoprene 
lrans~2-Pcnlcnc 

2-McIhyl-2-btltel1c . ,, . . , . ,. . 

. . .  

c is-7-Phn~eni . .  

C yclopcntcnc . . .  

C y c l y c n k l l l c  . .  _. ....... 

2,'2-Diiiiethylblitaiic . ' 

4-Methyl- I -pen(enc--*, ' 

Z , i - D i m e t h y l h ~ i ~ a n ~ .  

3:Methyilicntanc 

~ . - . .  .. . . j "  

. -  

2 - M CI I1 yl I>cl1 La 11 c . 
. .  

7-Mclhyl-  1 -pcllIcnC 

. .  

.. 

. .  

. . .  

:.* . 
. .  

. . . . .  
.I 1 

. .  

Sumin7t-y 
Stilt is t  ics 

\YE E K D A Y 
(PPB) 

Mi 11 i m u  in M a xim u m Mea 11 

2.00 23.85 7.10 
I .si 
3.74 89.06 16.55 
0.58 
2.3 I 69.1 I 10.13 
0.10 
0.57 24.00 3.57 . - -  
0.20 4:52 I*O"ii \; 

I .36 0.32 -. _.. - 0.04 
. * 7.76' . 2.00 I _ ^  47.97 

0.13 1.53 0.45 
- I_ 

0.03 0.27 0.08 
1.62 

0.32 
, -  

1.21 
" <  - -~ 0.09 

0.08 '0.75 0:29 
27.74 5.73 _ - _  0.56 

0.07 1:22' <0.3$ + 

1.54 0.44 -- 0.10 
0.08 0:90 
0.08 2.14 0.46 
<I  2 
0.10 1.49 0.24 

0.47 2.03 
0 . l i  -68 0.68 

." -r 0.09 -" 

0.28 11.78 2.54 

0.02 0.30 0.07 
0:23 

Summary  

Statistics 
WEEKEND 

(PPR) 

Miiiimum Maximum Mean 

I .92 35.47 6.36 

4.49 122.31 20.58 

0.59 27.00 4.14 

0.10 I .66 0.3 I 

I .46 39.50 6.21 ' 

0.08 2.61 0.41 

0.03 0.50 0.14 
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-I-lcxcnc 

x i s - 2 -  FI es ciic 
i s-2- 1-1 cscn c 

,4- Di mclhy l pcn~anc 

..... I( .... "_. ................... 
. . .  

. .- Ictllylcyclopelllane . . . . . . . . . . . .  

,3.4-Ti . ime~l iy l~~ci i l~ i i ic  . . . .  - .. ,-." 
'o lucnc-  ' 

. . . . . . .  . 

-0c1cnc 
-Ocl;lnc 

. . . .  -" . . " , ~  . . . .  . .  

1 .  

lhylbcnLcnc 

lyl Cl lC 

- x y Icnc 

l-xylcncip-xplcnc 

- I  

, . . . . . . . . . . . . .  . . .  . . .  -Noliclic. 
-Nollanc 
. .  

i o p r o ~ ~ v l  .. -. . bcnzcnc :- ..... .x .1 . . .  - .  -1'incnc . . , , I .  " , ,  

- P ropy Ibcnzcnc 

Summary 
Statistics 

w ri E K DAY 
( P P W  

1\11 i i i i  mu in 

0.05 

M ar i m ti m Mean 

~ I _  

0.24 
0.02 0.1 I 0.07 

&OS 
0.14 5.3 1 1.12 
0.1 
0.39 11.40 2.18 

6.07 3.98 0.83 
0.1 2 2,27 - -  -0.5 
0.09 4.74 0.82 
0.03 
-."" 
0.16 4.49 0.88 

0.08 4.86 0.98 . .- 

0.07 1.19 0.28 

0.05 I .65 0.28 

0.47 0.09 
" _  

0.0 I 
0.06 

.. , __I 

0.08 3.10 0.7 1 
I .* 

- 0.25 
0.04 2.24 0.47 

0.02 0.65 0.13 

0.02 0.46 0.1 1 

0.04 1.19 0.29 
0.62 

Summary 
Statistics 

WEEKEND 
(I'PB) 

Mini  mum Maximum Mean 
\ 

0.18 4.48 0.73 

0.05 I .43 0.30 
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I -Undcccnc 
n-Ulltlccanc 

- .  , - _  . -  

Su nima ry 

Statistics 

WE E K D A Y 
( I’ I’ B) 

Sum in a ry 

Statistics 

WEEKEND 
(I’PR) 

RI i t i  i mu in Maxim u in Mean I . Minimum Maxim u in Mean 
I 

0.0s I .94 
0.02 

- . -_I 

0.03 “I 2.36 2.51 
0.02 0.90 
0.06 

Table 4.5, completed. 
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Figure 4.7 - Largest Concentration SNMOCs At C A M P  
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Figure 4.9 - Higher - Concentration SNMOCs At CAMP 

+Ethylene 
+Acetylene 

+I+ lsobutane - n-Pentane 
+Toluene 

Sample Date 

95 



LOOZILZ16 

LOOZlE 116 

100Z/OE18 

LOOZ/91/8 

1002/2/8 

1002/6L/L 

00ZISIL 

OOZI LZI9 

00ZlLI9 

OOZ/PZ/S 

ooz/o LIS 

1 OOZl  LIE 

LOOZ/S LIZ 

1 0 0 ~ 1  LIZ 

1002I8 t i l  

I OOZIPIL 

oooz/Lz/z L 
OOOZILIZ L 

000Z/EZ/l L 

OOOZ16lLL 

oooz/9~/o  L 

OOOZlZ 110 1 



Cor r el a t io n Coefficients Between Co m p o u n d s - S p eci a t e d No n- Me t h a ne 
Organic Compounds 

A correlation coefficient analysis was conducted for the speciated non-methane organic 
compounds. To simplify the calculations, only SNMOCs measured at one or more twenty-four hour levels 
greater than I ppbv were included. Results (Table 4.6) show that there is strong inter-correlation between 
these compounds. This inter-correlation suggests a cotninon source for these emissions. 

f 
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Table 4.6 - Corrclatioti Coefticieiits for SNMOCs 

Ethylene 
Acetylene 
Ethane 
Propylene 
Propane 
lsobutane 
lsobutenell -Butene 
n-Butane 
lsopentane 
n-Pentane 
2-Methylpentane 
3-Methylpentane 
n-Hexane 
Methylcyclopentane 
Benzene 
Cyclohexane 
2-Methyl hexane 
3-Met hyl hexane 
2,2,4-Tr i m et h y I pentane 
n-Heptane 
Methylcyclohexane 
Toluene 
m-Xylenelp-Xylene 
1,2,4-Trimethylbenzene 

I 

Ethylene 
1 .oooo 
0.9851 
0.9010 
0.9653 
0.8560 
0.9359 
0.9362 
0.91 31 
0.7703 
0.7084 
0.7239 
0.8397 
0.8868 
0.9028 
0.9349 
0.3456 
0.9283 
0.8687 
0.1614 
0.921 7 
0.901 5 
0.7617 
0.8656 
0.7293 

1 .oooo 
0.9544 
0.7879 
0.9533 
0.6079 

. 0.6314 
0.61 17 
0.7097 
0.7863 

. 0.7863 
0.7768 
0.2934 
0.7980 
0.7164 
0.2333 
0.8337 
0.8199 
0.5520 
0.6685 

Acetylene 

1 .oooo 
0.9132 
0.9257 
0.8614 
0.9303 
0.8903 
0.8997 
0.7266 
0.6435 
0.6436 
0.7703 
0.8292 
0.8431 
0.8931 
0.3424 
0.8703 
0.8049 
0.1 193 
0.8884 
0.8908 
0.7048 
0.821 5 
0.7176 

Ethane 

1 .oooo 
0.8223 
0.9602 
0.9476 
0.8001 
0.9232 
0.6393 
0.6244 
0.6282 
0.7182 
0.791 6 
0.7967 
0.7943 
0.2438 
0.81 27 
0.7391 
0.1107 
0.81 11 
0.8075 
0.5510 
0.6509 
0.5444 

Propylene I Propane 

1 .oooo 
0.81 50 
0.9027 
0.9645 
0.8929 
0.7876 
0.7369 
0.7541 
0.8724 
0.91 19 
0.9206 
0.9422 
0.3797 
0.9440 
0.8835 
0.2244 
0.9386 
0.9240 
0.8006 
0.8994 

I 
lsobutane 

1 .oooo 
0.8745 
0.9844 
0.7463 
0.6855 
0.6870 
0.7951 
0.8608 
0.8673. 
0.8758 
0.2923 
0.8918 
0.8024 
0.1726 
0.91 18 
0.8964 
0.6908 
0.7884 
0.6744 
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Boltlctl i t  correlation > 
0.7s 

I so b u te 11 el I 2 
But,ctie , 

I 0000 

0 7372 
0 7197 

0.8653 

0.751 I 
0.8606 
0.8939 
0.9046 
0.926s 

0.9254 
0.87 1 0  

0 3468 

0 1928 
0.9354 
0.8845 
0.8097 
0.8862 
0 7429 

11-Butane 

I .0000 
0.74 I9 
0.7142 
0.726 I 
0.8247 

0.8834 

0.3 I93 
0.89 I I 

0.3043 

0.8829 

0.8727 

0.8137 

0.9101 
0.8863 
0.6930 
0.7918 
0.6532 

~ 

lsoperitane 

I0000 
0 6571 
0 6461 

0.7675 

0.7922 
0 2096 

0 6926 
0 1834 
0 7480 
0 7057 
0 7128 
0 7332 
0 6432 

0.7502 

0.7792 

0.8024 

n-Pentane 

I .0000 

0.8701 
0.8602 

0.8590 
0.8635 

.0.7949 
0.2983 
0.8232 
0.8433 
0.2362 

0.6563 
0.7135 
0.6793 
0.456 1 

0.7710 

Table 4.6, 
contiiiucd 

2-M ethyl pen ta ne 

I .0000 
0.9684 

0.9305 
0.81 87 
0.2266 
0.861 I 
0.8933 
0.22 I 6 
0.7603 
0.6285 
0.7048 
0.7074 
0.429 I 

0.9223 

3-Methylpentane 

I .0000 
0.98 I6 
0.9869 
0.9 142 

’ 0.3235 
0.9385 
0.9444 
0.25 I4 
0.8794 
0.7777 
0.8094 
0.8358 
0.5887 

ti-Hexane 

I .0000 
0.9924 
0.9363 
0.3678 
0.9645 
0.9379 
0.2665 
0.9269 

0.8389 

0.661 I 

0.8543 

0.8680 
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Precision of Sample Results - Speciated Non-Methane Organic 
Compounds 

Periodically throughout the year, a second canister was sampled siinultaneously with the main 
sample. These additional samples, known as duplicates, were collected in  order to assess the precision 
(repeatability) of  the canister sampling method. On the duplicate sampling dates, the laboratory also 
conducted a test of the precision of the analytical process by injecting two samples of each canister's air 
into the gas chromatograph / mass spectrometer. These samples are known as laboratory replicates. Thus, 
this project collected hvo types of precision data - duplicate data, which assesses both sampling and 
analysis procedures, and replicate data, which assesses laboratory analytical method repeatability. 

Field Blanks - Speciated Non-Methane Organic Compounds 

The speciated non-methane organic compound sampling method involves sampling with stainless 
steel canisters with specially-treated interior surfaces. The canisters are re-uscd. After a full canister is 
analyzed, it is pumped out repeatedly to a high vacuuin. This procedure cleans i t  for the next use. 
Periodically, one canister from each cleaning batch is tested to make sure the method is performing 
adequately. The test canister is tilled with ultra-pure air, and then analyzed. If i t  shows no containination, 
the batch is released for use. If contamination is found, the entire batch i s  sent through the cleaning process 
for a second time. The canistersarrive i n  thc field closed, and under 20 to 30 inches of'vacuuin. Therefore, 
field blanks are not use$ i n  this mcthod. Thc canisters are "blanked" at the laboratory prior to shipping to 
t hc ti e Id. 

Inter-Method Variation For Same Compounds 

Both thc VOC and the SNMOC laboratory analytical methods use the same canisters of air for 
analysis. In addition, twcl\,ecompoiinds are incasured by both thesc methods. Thus, i t  is possible to 
coinparc conccntration data for ccrtain compounds, as measured by thc VOC method versus as mcasurcd 
by the SNMOC method. These results are presented in the Appendix to this report, which is issued as a 
separate docuinent. In general, results are generally just outside the +/- 30 % confidence limit interval 
usually cited for precision ofreplicatc and duplicate samples. An exception is styrene, for which the 
precision limits are wide, becausc of its extremely low concentration i n  ambient air (frequcntly less than 
0. I5 ppbv). I n  general, the two methods show very good precision for the saine compounds. 



Compounds of Significance: Sources and Health Effects 

Of the seventy-eight speciated non-methane organic compounds measured in this study, thirteen 
showed an annual mean greater than one part per billion (ppb) in Denver air. These are: acetylene, 
benzene, toluene, propylene, ethane, propane, n-butane, isobutane, n-pentane, isopentane, n-hexane, 2- 
methylpentane, and ethylene. Acetylene, benzene, toluene, and  propylene were discussed in the chapter on 
volatile organic compounds. (The laboratory results discussed i n  this chapter measure these same 
compounds, from the same air  canisters, that the VOC method does. The laboratory analytical procedures 
differ, but results match those of the other method closely. Therefore, it would be repetitive to discuss 
levels of these four compounds i n  this chapter). The reniaining nine compounds will be discussed below. 
I t  should be noted that eight of thcse compounds arc alkanes, compounds coinposed of chains of hydrogen 
and carbon atoms, where all the chemical bonds are single. The remaining compound, ethylene, i s  an 
alkene, a compound composed of hydrogen and carbon atoms, of which at least one has a double chemical 
bond. As  the alkane compounds are closely ;elated, they will be discussed iii order of increasing 
complexity, as follows: ethane (C2HO), propane (CIHy), n-butane and isobutanc isomers (C4Hlo), n-pentane 
and isopentane isomers (CjH12), n-hexane and its isomer 2-methylpentane (C6HI4). The alkene, cthylene 
(C2HJ), i s  discussed last. 

Ethane 

Ethane is a hydrocarbon compound with the forinula CzH,. I t  exists in the atmosphere as an 
odorless, colorless gas. I t  is used for fuel, for chemical production, and as a refrigerant (NJ Hazardous 
Substance Fact Sheet on Ethane). The largest source of ethane in ambient air is the combustion of 
aqtomo t i vc file I .  

Ethane is cxplosive in high concentrations. I t  i s  also an asphyxiant, which can reduce the 
availablc aiiiotiiit of oxygen if its concentration builds up in contined spaces. Exposure to concentrated 
amounts can cause headache, dizziness, lightheadedness, and death (NJ Hazardous Substance’Fact Sheet on 
Ethane). I t  i s  not known whether ethane expostirc can cause cancer. Ethane has not been researched 
sufficiently to determine whethcr it affccts reproduction or causes birth defects in children of exposed 
irid ividuals. 

The EPA AIRS database lists ethane data collected in the state of California for the years 2001 a’nd 
2002. Annual meail concentrations of ethane a t  California locations typ’ically ranged froin 2 to I2 ppbv. 
For the year of CAMP results, the mean ethane concentration was 13.2 ppbv,just above the higher end of 
the California range. 

Thc Environmental Protection Agency has iiot cstablishcd any  rccommcntied “bcnchmark” value 
for ethane. Thus the cancer and health effect risk from concentrations observed in this study cannot be 
estimated. Due to its formation from automotive fuel combustion, ethane is common in outdoor US a i r  and 
public exposure occtirs nationwide. 

Prop a n e  

Propane is a hydrocarbon compountl with thc formula CjHs. I t  esists in thc atmosphere as a n  
odorless, coIorIcss gas. It is tiscd tor home heating, automotivc and industrial fiicl: for chcmical 
production, and as a rcfrigerant (NJ Hazardous Substancc Fact Shcet on Prolmnc). Thc largest sotircc of 
propane in ambient a i r  is tlic coinbustion of automotive fticl. 

Like cthaiic, propmc is explosive in high concentrations. I t  can reclucc tlic availnble :iiiiotiiit of 
osygcn i f  i t s  coiicciitration builds u p  i n  confincd spaccs. Flcalth effects are similar to cthaiic. in t ha t  
csposurc to concentratcd ainoiiiits can catisc headachc. dizzincss. liglitlieacledncss~ and dcath (NJ 
I-lazardous Substance Fact Sheet on I’rolxinc). I t  i s  not kiio\vn wlictlicr propmc cspostirc can catisc caiiccr. 

‘ I  
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Propane has not been researched sufticiently to determine whether i t  affects reproduction or causes birth 
defects in children of exposed individuals. 

Tlie EPA AIRS database lists propane data collected in the state of California for the years 2001 
and 2002. Annual mean concentrations of ethane at California locations typically ranged from 2 to 8.7 
ppbv. For the year of CAMP results, the mean ethane concentration was 6.55 ppbv, in the middle o f the  
Ca I i fo rnia range, 

The Environiiiental Protection Agency has not established any. recoininended “benchmark” value 
for propane. Thus the canccr and health effect risk from concentrations observed in this study cannot be 
estimated. Due to its presence in automotive fuel, propane is common in outdoor US air and public 
cxposure occtirs nationwide. 

n-Butane 

ti-Butane (“normal” butane) is a straight-chain hydrocarbon compound with tlic formula C4HI,. I t  
exists i n  tlie ntmospherc as an odorless, colorless gas. I t  is used for fuel, for chemical production of 
solvents, rubber and plastics, and as a aerosol propellant i n  cigarctte lighters (NJ Hazardous Substancc Fact 
Sheet on n-Butane). Tlie largest sourcc of n-butane i n  ambient air is the combustion ofautomotivc fuel. 

Like tlie simpler alkanes discussed previously, ti-butane is explosive in high concentrations. I t  can 
reduce tlie available amount of oxygen if its concentration builds tip it! contincd spaces. Health effects are 
similar to other alkanes, i n  that cxposure to concentrated amounts can cause headache, dizziness, light- 
headedness, and death (NJ Hazardous Substance Fact Sliect on n-Butanc). However, n-Butane also has 
irritant properties, and can cause narcotic effects on tlie central nervous system. These include irritability, 
hallucinations, and depression (Occupational Safety and Health Guideline for ti-Butane). I t  is not known 
whether n-butane exposure can cause cancer. There is little research on whether ti-butane affects 
reproduction or is linked to birth defects in  children. 

The EPA AIRS database lists n-butane data collected i n  the state ofCalifornia for tlie ycars 2001 
and 2002. Annual mcan concentrations of n-butane at California locations typically ranged from 0.8 to 4.5 
ppbv. For the year of CAMP results, the mean n-butane concentration was 4.25 ppbv, at tlic higher end of 
the California range. 

The Environmental Protection Agency has not established any recoininended “benchmark” value 
for n-butane. T l i i i~  the cancer and health effect risk from conccntrations observed iii this stiidy cannot be 
cstimated. Likc the other alkanes, public esposurc to n-butane i n  outdoor air occtirs throughout tlie United 
States. 

I so I) u ta ne 

Isobutanc is an isomer ofn-butane. I t  has  tlie same number of carbon antl hydrogen atoms as n- 
butane (formula C,H but thcy are arrangcd clifferently. Wliilc n-butanc is a straight-chain hydrocarbon 
compound; isobutane is “branched“, with some atoms at an anglc to the niaiii axis. Thus, tlic cheinical 
properties of isobutanc diffcr somcwhat from those of n-butanc. Isobutanc exists in tlic atmosphcrc as an 
odo~lcss,  colorless gas. I t  i s  used for fuel, for chemical prodtictioil of rubber . and as a acrosol propellant. 
I t  is a1so.a rcfrigerant (NJ Hazardous Substancc Fact Sliect on Isobutane). Tlic largest sourcc of isobutane 
i n  ambient air is tlie combustion of automotive fuel. 

Likc n-butane, isobtitanc is csplosivc iii high concentrations. I t  can rcducc tlic availablc amount 
of oxygen if its conccntration builds tip in contined spaces. Health effccts arc similar n-butane, i n  that 
cspost~rc to concciitratcd anlotints c;in cause Iicadache, dizziness, light-hcatlcdncss, and dcath (NJ 
Hazardotis Substancc Fact Sliect 011 Isobutanc). I t  also has irritant propcrties, antl can cause narcotic 
cl‘fccts 011 tlic central ncrvotis system. Unlike n-butane, isobutane can affcct tlic Iicart, causing an  iri-cgtilai 
bcat. I t  i s  not known wlietlicr isobutane esposurc can catisc canccr. Thcre is littlc rcscarcli on \vlietlicr i t  
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affects reproduction or is linked to birth defects i n  children. 

The EPA AIRS database lists isobutane data collected i n  the state ofCalifornia for the years 2001 
and 2002. Annual mean concentrations of isobutane at California locations typically ranged from 0.3 to 2.5 
ppbv. For the year of CAMP results, the mean isobutanc concentration was I .92 ppbv, at tlie higher end of 
the California range. 

The Environmental Protection Agency has not established any recoininended “benchmark” value 
for isobutane. Thus the cancer and health effect risks from concentrations observed in downtown Denver 
cannot be estimated. Public exposure to isobutane i n  outdoor a i r  occurs throughout the nation. 

n-Pentane 

n-Pentane is a straight-chain hydrocarbon with the forintila CjH12, ti-Pentane exists i n  tlie 
attnosphere as a colorless gas. I t  is used as a fuel additive, for cheniical production of paints, solvents, 
pesticides, paint removers, dye intermediates and insecticides. I t  is used as a blowing agent for foam, and i n  
the production of synthetic rubber. ti-Pentane i s  used as a laboratory solvent, and i s  present i n  lighter fluid. 
ti-Pentane is used in  the production of ice, as ivcll (Occupational Health Guidelinc for Pentane). The 
largest source of ii-pentane i n  ambient air i s  the combustion of automotive fuel. 

Like other alkanes, pentane is explosive in  high concentrations. I t  can reduce the available 
amount of oxygen in confined spaces. Health effects are similar to other alkanes, i n  that exposure to 
concentrated amounts can cause headache, dizziness, light-headedness, and  death (NJ Hazardous Substance 
Fact Sheet on n-Pentane). I t  also causes irritation of eyes, skiti.and lungs. I t  can cause narcotic effects on 
tlie central nervous system. Repeated exposures can damage nerves i n  tlie arms and Icgs, leading to 
numbness and weakness. It  is not known whether ti-pentane exposure can cause cancer. There is little 
research on whether i t  affects reproduction or is linked to birth defects i n  children. 

, 

The EPA AIRS database lists n-pentane data collected i n  the state ofCalifornia for the years 2001 
and 2002. Annual  mean concentrations ofn-pentane at California locations typically ranged from 0.4 to 
2.5  ppbv. For the year of CAMP results, tlic mean n-pentane concentration \vas 3. I5 ppbv, slightly above 
the California range. -, 

Thc Envi ronmen ta I Protect ion Agency has not es ta bl is tied a t i  y rccointnended “bench mark” value 
for n-pentane. Cancer and health effect risks from concentrations observed in downtown Denver cannot be 
estimated. Public’exposurc to n-pentane i n  outdoor a i r  occurs in all urban areas. 

Lsopentane 

Isopcntanc is a n  isomer of ti-pentane. I t  has thc same number of carbon and hydrogen atoms ;is n- 
pentane (formula CjH I ? ) r  but they are arranged differently. Whilc ti-pentane i s  a straight-chain hydro- 
carbon compound, isopentane is “branched”: with soiiic atoms at an  angle to the main asis. Thus, the 
chemical properties of isopcntane differ somewhat from those of n-pentane. Isopentane exists iii the 
atmosphere as a colorlcss gas. I t  is uscd as a fiicl additive. for chcinical production oi’+lorinritcd 
compounds ~ and as a blowing agent for polystyrene. I t  is also ;I solvent (NJ Hazardous Substancc Fact 
Shcet on Isopentane). The largest source of isopentane i n  ambient air is tlic combustion of automotivc fuel. 

Like ti-pentane, isopentane i s  explosive in  high concentrations. Health effects are similar to other 
alkarics, i n  t h a t  exposure to concentrated aiiiotints can cause headache, dizziness, light-headedness, arid 
cleatli (NJ Hazartlous Substance Fact Sheet on Isopcntanc). I t  ;itso ci~tiscs irritation of eyes, skin and lungs. 
I t  can affect the heart, leading to an irregular beat (NIOSI-I International Chcmical Safcty Crird for 
Isopcntanc). I t  is not kno\vn whether isopentanc esposurc is associated with cancer. Tlicre is little 
information on \vIicthcr i t  affects rcprotluctioii or is conncctcd to birth defects iii children. 
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Tlic EPA AIRS database lists isopentane data collected in tlie state of California for the years 2001 
and 2002. Annual mean concentrations of isopentane at California locations typically ranged from I to 6 
ppbv. For tlie year of CAMP results, tlie mean isopentane concentration was 5.52 ppbv, at the higher end 
o f  the California range. 

Tlic En v i roil me 11 t a I Protect ion Agency lias not es ta b I i s  lied any reco iiiiii ended “benchmark ” va I tie 
for isopentane. Cancer and health effect risks from concentrations observed in ambient air cannot be 
estimated. Public exposure to isopentane in outdoor air occurs in all areas with significant vehicular traffic. 

n-Hexane 

n-Hexane i s  a straight-chain hydrocarbon with thc formula C6H14. n-Hexane exists in tl ie 
atmosphere as a colorless gas. I t  is a constituent of petroleum fuels. Its main use is in the food processing 
industry, for extracting vegetable oils from crops. It  is also used as a solvent i n  tlie chemical laboratory. 11- 

Hexanc is present in glues such as “rubber ceinent”, and i n  “white-out” fluid used to paint  over typing 
errors. I t  is used in rubber maniifiicturing, and printers employ i t  ;is a cleaning solvent (ATSDR 
Toxicological Profile for n-Hexane). The largest source ofn-hexane in ambient air is tlie combustion of 
automotive fuel. 

Like other alkanes, n-hexane is explosive i n  high conccntrations. Health effects are similar to n- 
pentane, in that esposure to concentrated amounts can cause headache, dizziness, light-headedness, and 
death (NJ Hazardous Substance Fact Sheet on ii-Hesane). I t  also causes irritation o f  eyes, skin and lungs. 
I t  can cause narcotic effects on the cehtral nervous system. Repeated exposures can damage nerves in tlie 
arms and legs, leading to numbness and weakness. It is not known whether n-hexane exposure can cause 
cancer. There is liitle rcsearch on whether it  affects reproduction, but exposed male rats showed damage to 
spcrm-producing structures. Rats and mice exposed to high levels before birth sliowcd reduced growth 
(CARB Fact Sheet on Hesane). There is insufficient research on wliethcr n-hexanc fan cause birth defects 
in childrcii. 

Tlie Ca 1 i forn ia A i r Re sources Board cites En v i roil menta I Prot ec t i on A gcn cy m casu re in en t s 
indicating that 3.6 ppb is a typical level of n-liesane in urban a i r  (CARB Fact Sheet on Hcsane). For these 
Denvcr results, tlie annual mean was I .2 ppb, a bit lower than tlie US averagc. However, t h i s  average i s  
based oii data collected from I968 to 1987. Automotive a i r  pollution emissions have decreased 
significantly i n  more recent years. 

Tlie E i i  v i ron me nta I Protect i o 11 Agency Ii as cs ta b I ish cd a rec o i i i i i ic  iided ”bcnc h ma I’ k ’‘ n on -c a 11 cer 
chronic valuc for n-hcsane of0 .2  mg/m3 ( 5 7  ppb) i n  a i r .  This reference concentration is describcd by EPA 
as “an estimate (with uncertainty spanning perhaps an  order of magnitude) o f a  daily exposure to the human 
population (including sensitive subgroups) tha t  is likely to be without an appreciablc risk ofdeleterious 
iioiicaiicer effects during a lifetime.’’ In  other wortls, levels below 57 ppb arc bclieved to keep one “safe” 
from health effects other tlian cancer: even ovcr a life-long esposure. Yet th is  57 ppb ”safe” level estimate 
lias an uncertainty factor of I O ,  indicating that health effects could OCCLII-  at 1cycls.ten times lower ( 5 . 7  ppb). 
Thus, thc highest concentration obscrvcd i n  this study, 3 ppb for a 24-hOur period, is probably below any 
cause for concern. Cancer risks from concentrations observed in downtown Denver cannot be estimated. 
Public esposure to n-hesanc in outdoor air occtirs in all urban arcas. 

2 - i\I et h y1 p e 11 ta 11 e 

2-h4ctliylpcntane i s  ;in isoiiicr oflicsane with tlic formtila Cc,HI,. 2-h~lctliyll,cntane csists iii tlic 
atmosplicrc as ;I colorless gas. It  i s  a constitucnt ofpctroleum fiicls. Scarcli of thc EPA site and othcr 
\vorld\vidc \vcb rcso~~rccs  did not yield information about the usc of t h i s  compound. Howcvcr. the largest 
sourcc of 2-metliyl~~cnteric in  ambicnt a i r  is the combustion ofautomotivc fuel. 

Likc oll icr alkancs, 2-mctliylpciitanc is csplosive in Iiisli coiicciitr;itioiis. I-lcaltli ct‘fccts arc similar ’ 

to ii-pciitaiic. i n  that  csposurc to coiiccntr;itecI amounts can C;IIISC headache. dizziness. light-lieatlcclncss: 
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and death. I t  also causes irritation of eyes, skin and lungs. I t  can cause narcotic effects on the central 
nervous system (NIOSH Pocket Guide To Chemical Hazards Fact Sheet 011 2-Methylpentane). It is not 
known whether exposure can cause cancer. There is little research on whether it affects reproduction. 
There is insufficient research on whether 2-methylpentane exposure can cause birth defects in children. 

The EPA AIRS database lists 2-methylpentane data collected in the state of California for the 
years 2001 and 2002. Annual mean concentrations of 2-tnethylpentane at California locations typically 
ranged froin I .2 to I .7 ppbv. For the year of CAMP results, the mean 2-methylpentane concentration was 
1.28 ppbv, within the California range. 

The Environmental Protection Agency has not established any recoinmended “benchmark” value 
for this compound. Cancer and health effect risks from concentrations observed in ambient air cannot be 
estimated. Public exposure to 2-inethylpentane ti1 outdoor air occurs in  all areas with significant vehicular 
traffic. 

Et h y le 11 e 

Ethylene i s  a hydrocarbon compound with the formula.C2HJ. I t  cxists in the atinosphere as an odorless, 
colorless gas. I t  is used for welding, for chemical production, and as a refrigerant. I t  i s  used to produce 
mustard gas and ethylene oxide (NJ Hazardous Substance Fact Sheet on Ethylene). The largest source of 
ethylene in ambient air is  the combustion of automotive fuel. 

Ethylene is explosive i n  high concentrations. I t  is also an asphyxiant, which can reduce the 
available ainount of oxygen if its concentration builds tip in  confined spaces. Exposure to concentrated 
amounts caii cause headache, dizziness, lightheadedness, and death (NJ Fact Sheet on Ethylene). It is 
believed that ethylcne does not cause cancer. Ethylene has not been researched sufficiently to dctertnine 
whether i t  affects reproduction or causes birth defects i n  children of exposed individuals. 

The EPA AIRS database lis$ ethylene data collected i n  the statc ofCalifornia for the years 2001 
and 2002. Annual mean coiicentratiotis of ethane at California locations typically ranged from I to 7 ppbv. 
For the year o f C A M P  results, the mean ethylene concentration was 5.41 ppbv, at the higher end oftlie . 

California range. 

The Environmental Protection Agency has not established any recominendcd “benchmark” value 
for ethylene. Thus the cancer and healtl~effcct risk froin concentrations observed i n  this study cannot be 
estimated. Due to i.ts formation from automotive fuel combustion, ethylene is common i n  outdoor US air 
and public exposure occurs nationwide. 
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Health Implications - Speciated Non-Methane Organic Compounds 

As part of its national air toxics analysis effort, EPA has developed recommended benchmark . 

concentrations for various hazardous air pollutants. For each hazardous air pollutant the EPA has tried to 
develop an “acute” benchmark, as well as “chronic” and “cancer risk” benchmarks. The acute benchmark 
value represents a value that an individual may be exposed to for a short period of time, without risk of 
health effects. The period of time may vary for each pollutant, but for the purposes of the analysis here, 
one compares tlie highest twenty-four hour daily value observed over the year with the “acute” benchmark. 
The “chronic” and “cancer risk” benchmarks represent concentrations to which an individual may be 
exposed over a lifetime without a large risk of incurring health effects. For the purposes of the analysis 
here, one coinpares tlie annual mean to the “chronic” and “cancer risk” benchmarks. 

’ 

The benchmarks for tlie hazardous air pollutants may be found in the following reference: 

EP A Urban A i r Tos i cs Web S i te . Web Add res s : 11 t t 1) :!Av\v\v .cpa. oovi t t n h  tw/to?c sourcc/s ti m mar);. 11 t in I 

Tables 4.7 and 4.8 suinniarize the EPA benchmarks available for’speciated non-methane organic, 
compounds. As seen from the tables, only a few of the compounds measured have benchmark values. 
These coinpounds have benchmatks for long-exposure period health effects (cancer and chronic), but 
“acute” benchmarks for 24 hour long periods have yet to be developed. 

) 

Tnblc 4.7 compares the annual  mean values oftlicse compounds to the EPA ‘* risk factor” for 
developing cancer. Columns two and three of Table 4.7 give the annua l  mean of tlie coinpound, as 
measured in parts per billion voluinc and then converted to micrograms per cubic meter (ug/in3). Column 
four of Table 4.7 gives the cancer risk associated with breathing I ug/ni3 of the respective coinpound over 
a lifetime. Colunin five, Cancer Risk in Ambient Air, relates annual concentrations observed at the CAMP 
station to tlie risk of contracting cancer. EPA’s goal i s  for the risk in  column five to be I X 10-6 or less. 
Thus, only I ,3-butadiene and benzene exceed the risk goals. 

Table 4.5 compares the annual mean values of these compounds to the EPA “Hazard Index” valuc 
for tlie risk ofchronic (noli-cancer) health effects. Column four, Non-cancer Chronic, of Table 4.5 gives 
tlie value at which EPA believes chronic health effects to the population will not occur. Column five i s  a 
ratio of the anntial mean (column 3) to the Non-cancer chronic value in column four. EPA’s goal is that 
this “Hazard Index” be less than I .O. (That is ,  the anntial concentration should be less than tlie Non-cancer 
chronic value for tlie pollutant). For all co~iipounds with “benchmarks” the risk is well below 1 .O. 
However, i t  should be noted that “benchmark” values are not available for most of tlie SNMOCs measured. 
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Table 4.7 - Annual Mean Versus Cancer Risk for SNMOCs 

Coin po u nd 

1,3-Butadiene 
Benzene 
Toluene 

Ethyl Benzene 
RI-Xylene/P-Xylene 

Styrene 
0-Xylene 
n-Hesane 

An nu a I hl ea n 
ppbv 

0.18 
1 .oo 
1.85 
0.26 
0.83 
0.18 
0.33 
1.18 

Annual hlean 
ugIni3 

0.40 
3.19 
6.97 
1.13 
3.60 
0.77 
1.43 
4.16 

Table 4.8 - Annual hlean Versus Non-Cancer Chronic Risk for SNMOCs 

CBncer Risk Cancer Risk In 
Per ug/m3 (I/ug/m3) Anibient Air 

0.00003 I. 19E-05 
0.0000078 2.49E-05 
No Factor 
No Factor 
No Factor 
No Factor 
N o  Factor 
No Factor 
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References for Speciated Non-Methane Organic Compounds 

Agency For Tosic Substances and Disease Registry. (ATSDR) “Toxicological Profiles” 
for Various Compounds. Web Address: littp://www.atsdr.cdc.gov/tox~rofiles/ 

n-Hexane, dated July 1999. 

California Air Resoirrces Board. (CARB) 
Web Address : 11 t tD ://www. arb. c a. gov/to s i cs/c a t t a b 1 e. I1 tni 

Hexane, dated September 1997. 

United States Environmental Protection Agency. (EPA) Integrated Risk lnfonnation 
System. Toxicological Reviews Of Various Substances. 
Web Address: http://www.epa.gov/iris/toxreviews/index.html 

Uniteif States Environrnental Protection Agency. (EPA). Technology Transfer Network 
Air Toxics Website. “Dose-Response Assessment for Assessing Health Risks 
Associated With Exposure To Hazardous Ail- Pollutants”, Table 1 ,  December 2, 
2002. 
Web Add r e s  : lit t 11 : //n ww. ep 3. g ov/ t t n/a t w/t ox s o u r c e/s u in m a  rv. h t m 1 

United Strites Envirortrneiital Protection Agency. (EPA). Technology Transfer Network 
Air Tdxics Website. Health Effects Worksheets for Various Substances. 
Web Address : h t t ://IVWW. epa . rovit tnla 1 w/h I t lie f 

Hexane, dated December 1999. 

Kirk-Otltmer Encyclopedia of Cl?einiccil Toxicology, TI1 i I-d Edition. (Ki I-k-Otlimer) 
John Wiley and Sons, New York, New York. USA. 1978. 

Butanes, Volume 12, Pages 910 - 919. 
Pentanes, Volume 12, Pages 9 19-925. 
Hexanes, Volume 12, Pages 926-930. 

Nrrtionril Xmtitiitefhr Occriprrtioriril Sr~fetji riiirl Herilth. ( N  IOSH) Documentation for 
Immeciiately Dangerous to Life or Health Concentrations (IDLHs). 

Pro pa ne, dated A 11 gust 1 6, 1 99 6. h t t p : //w w v .  cti c .go v/n io sldi d 1 h/7 4 9 8 6 .  h t m 1 
Pent an e ,  dated A 11 gust 1 6 I I 99 6. h t ~ ~  : !h\ .vw.  c tlc .zo v/ii i ash/ i d I hi 1 0 9 6 h 0. 11 t 111 1 
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National Institiite fo r  Occirpational Safety and Health. (NIOSH) International Cheiiiical 
Safety Cards. 

Ethane. Dated 1998. Web Address: 
http://www.cdc.~ov/1iiosh/ipcsiien~/1ieii~O266.htiiil 

Propane. Dated 1999. Web Address: 
http://www.cdc. ~ov/niosh/ipcsnen~iliieii~O3 19.htinl 

Butane. Dated 1998. Web Address: 
Iittp://www.cdc.rov/niosii/ipcsiicn~/1ien~O2~2 .html 

Pentane. Dated 2000. Web Address: 
h t t p ://WWLV .cdc . qov/nios h/ipcstien~inen~O5 3 4. h ti11 I 

Isopentane. Dated 2002. Web Address: 
h ttp:/l'\vww.ccic. gov/niosh/i pcsnencilneng 1 I 5 3 .h  t nil 

n-Hexane. Dated 2000. Web Address: 
ht tp: / /~~ww.cdc.rzo~~/1i i~~sl i / i~~cs1ie1i~/1ie1i~O279.ht i i i l  

2-Methylpentane. Dated 2002. Web Address: 
litti~://\Ycv\Y.cdc.~o~/iiiosh/il~csnen.~/ne~i~ 1 262.litiiii 

Ethylene. Dated 1998. Web Address: 
h t t 1-1 : /!www. cdc . govinios h/i pc s nen 2/11 cn 204 7 5 . h t iii 1 

Nritionrrl tnstitiite fo r  Occiipatioiiril Safety and Herrlth. (NIOSH) Occupational Safety 
and Health Guideline for n-Butane Dated 1992. Web Address. 
littp.i/u \v\\ .cdc gov/Illosll/pcl~s/0068 .pdt 

Nritionril titstitirte for  Occirprrtioml Safety and Herilth. (N IOSH) Occupational Health 
Guideline for Pentane. Dated September 1978. Web Address: 
h t t  I-, ://LVW w. cdc . go v!ni o s  hlptI-Fssi0486. pd t 

Nritioncil Institute for  Occiipationrrl Scijkty rind Herrlth. (NIOSH) Pocket Guide to 
Chemical Hazards. 

P 1-0 pa ne. Web Add re ss : h t I p : //\vw \v. c d c . eo vhi i os h/n I:, g/n p cd05 24. h t m 1 
n-Bu tane. Web Address : h t t 13: ///www .cdc .go v/n i os h!'n PC/II pgc1006 8. h t 111 1 
Isobutane. Web Address: l i t t~~: i /~vww.cclc .eo~~/~i iosh/npp/np~dO~50. l imil  
n-Pen t ane . Web Address : h 1 tp ://www.cclc. eov/ti iosh/n pg/n gcd0486. h t ni 1 
n - f-I exane . Web Address : h t ~p :/!\vwv .ccl c . coo/n ios h!'nptl/npjid03 2 2 .h tni 1 
I-I ex a 11 e I s onie rs (E xc 1 lid i n g n - 1-1 ex an e). 

Web Address : h t ti, :A'\v\w .cdc . eov/ti i osh/n l~dn pu,d03 2 3 . h t ni I 



Natioiial Iristitirtejor Occupational Safety and Healtli. (NIOSH) Registry of Toxic 
Effects of Chemical Substances (RTECS). 

Ethane, dated July 2000. 
Web Address: 1ittp://~~w~~~.cdc.~ov/1iiosli/rtecs/kli39~cO.lit1n I 

Propane, dated July 2000. 
Web Address: Iittp://~vw~~.cdc.~ov/niosli/rtecs/tx22b6b~.litiiil 

Butane, dated July 2000. 
Web Address : 11 tt p://w\\w. cd c . po\:/n ios h/rtecs/ei 40 1 640.11 tm 1 

Pentane, dated July 2000. 
Web Address : 111 t p : / / \ \w \v .  cdc .g.ov/n i osh/rt ecs/rz903 2 1 0. 11 tm 1 

Hexane, dated July 2000. 
Web Address : h t t ~ : / / c v \ v w .  cdc. covin iosli!i-tecs/m n 8 d8 67 8.11 t 111 1 

Pentane, 2 - methyl, dated Septeiiiber 2000. 
Web Address: htt~1://w~~~w.cdc.~!ov/niosli/1-tecs/sa2dXc2X.htn71 

Ethylene, dated July 2000. 
Web Address: lirtp://w\~~w.cdc.gov/niosh/l.tecs/ku5 1 7bbO.html 

New Jersey Depcrrtntent of Health arid Senior Services. “Hazardous Substance Fact 
Sheets” for Various Substances. Web Address: 
h t t p : / / ~ w w .  s t a te. 11 i .ti s/ h ea 1 t h/eo h/r t k we b/ r t k h s fs. h t in 

Ethane, dated January 1997. 
Propane, dated January 1997. 
Butane, dated August 1998. 
Isobutane, dated March 1999. 
Pentane, dated Febniaiy 2000. 
Isopentane, dated June 1999. 
n-Hexane, dated April 1997. 
Ethylene, dated June 1996. 

Occ ripcitio rr til Srifktj) riiirl Hetrltli A rhiinist rcit ion. ( 0 S 1-1 A) “ C 11 e m i ca 1 S amp 1 in g 

’ 

Information” for Various Substances. Web Address: 
h tt 11 :/!‘\v\v\v. osha , go\;/dt s/ch emi ca 1 sa 111 111 i n ~ / t o c  . 

Butane: dated June 24, 1999. 



Occiipatiorial Sajety arid Health Adirzinistrrrtiort. (OSHA) “Partially Validated Methods” 
’ for Various Substances. Web Address: 

littp:/iwww.osha.~ovldtsisltc/iiietliods/p~i-tial!ipv20 10/20 1 O.h t in1  

n-Butane, dated August 1993 

Occirpational Snfety and Health Adrtzir?istrrrtion. (OSHA) “OSHA Coiniiients from the 
January 19, 1989 Final Rule on Air Contaminants Project”. (Rule reiiianded by 
court and not currently in force). 

n -H ex ane . Web Address : 11 t ti? : //ww\v. cdc . go v/ii i o s  hip el 8 8 i  1 I 0-5 4. I i  t i i i  1 
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Conclusion 

This report analyzes one year of urban air toxics data taken at the CAMP station i n  downtown 
Denver, Colorado from October 2000 to September 200 I .  Carbonyls, volatile organic compounds, and 
speciated non-methane organic compounds were all sampled. For carbonyls, twelve compounds were 
sampled. Forinaldehyde, acetone, and acetaldehyde were the most prevalent. The other nine compounds 
occurred at levels at least one order of magnitude below the top three. Average levels observed during 
weekdays were greater than the weekend average concentrations. The top eight aldehydes trended together. 
All coinpounds except isovaleraldehyde showed strong correlation to formaldehyde. lsovaleraldehyde and 
2,j-diinethylbenzaldeliyde were detected in  fewer than 35% of the samples. The other carbonyls were all 
detected in 90% of  the samples. Only formaldehyde and acetaldehyde have EPA toxicity “benchmarks”, 
but both these compounds were above their cancer risk benchmarks, indicating cancer risk from these 
compounds to be greater than one-iii-a-millioii. Formaldehyde risk is about IO0 times above the EPA- 
recommended Icvcl. Acetaldehyde risk is about I O  times the EPA-rccotiimcnded levcl. Forinaldehyde and 
acetaldehyde were below their EPA benchmarks for chronic health effects, suggesting that non-cancer risks 
from these compounds are not a coticcrn. The carbonyl method had good repeatability, as shown by 
duplicate and replicate samples analyzed. 

Fifty-eight volatile organic compounds (VOCs) were analyzed from sai i iplc canisters. Twenty- 
nine of these VOCs were never measured at detectable levels. I n  contrast, nineteen other VOCs were 
present in  Denver air, at measurable levels, in over 90% of the  samples. Average levels observed during 
wcckdays were greater than the weekend average concentrations. Statistical correlations between 
concentrations of individual compounds were not that strong, but acetylene and propylene showed the 
strongest correlations to other compounds. Thirty-seven of the compounds ineastired had estimated EPA 
”benchmark” concentrations. I ,3-butadiene, benzcne, carbon tetrachloride, tetracliloroetliyleiie, and p- 
dichlorobenzcne occur at  levels bclieved to represent a greater than one-ili-a-millioti risk of cancer. The 
single nicasurable value o f  acrylonitrile ~ o t t l d  be above the EPA one-in-a million guideline, if i t  occurred 
as a n  annual mean. None of thc compounds had levels greater than the EPA “benchmarks” for non-cancer 
chronic health risk. The VOC method had good repeatability, as shown by duplicate and rcplicate samples 
anal yzcd. 

Seventy-eight speciated non-niethanc organic compounds (SNMOCs) were analyzed from sample 
canisters. Sixty-two of the compounds were present i n  Denver air, at measurable levels, i n  over 90% ofthe 
samples. Six of the compounds were never measured at detectable levels. In general, the average weekday 
concentration was greater than the avcrage weekend concentration, but some compounds were exceptions 
to this rule. I n  contrast to thc VOCs, statistical correlations of individual compouncls were strong. Only 
eight o f  the SNMOCs had EPA-rccommetidctl toxicity “benchmarks“. Seven of these werc among tlie, 
compounds that were also measured by the VOC method. As with the VOC compounds, I ,3-butadicne and 
benzene occur at  levels believed to represent a grcater than one-in-a-million risk of cancer. All eight of 
these compouncls were well bclow the EPA non-cancer risk “benclijiiarks”. The SNMOC method had good 
repeatability, as shown by duplicatc and replicate samples analyzctl. A siclc-by-side analysis of twelve 
coiiipounds mcasured from tlie same canistcrs by both the VOC and SNMOC laboratory nicthods sho\ved 
tha t t Iic two  ana I y t ica I tech n iqucs y ic Id cons is tent rcsu I ts . 

The majority of the conipouncls detected i n  Denver air can bc related to automobile emissions. 
The strong inter-correlations bctwccn the carbonyl compounds suggest a common so~ircc.  Thc SNMOC 
compounds \vcrc also strongly iiitci--corrclatct. h4any of the compounds iiicastircd do not h a w  EPA- 
reconiiiicnded toxicity ”benchmarks“. Of tliosc that do. formaldehyde, ;icctaldehyde~ I ,3-butadicne, 
benzene, carbon tetrachloride, tetraclilorocthylcnc. and I)-diclilorobenzciic are present iii Denver air at 
Icvels that may crc;1tc l1calth coIlccrIls. 
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